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PREFACE 

Tfiis volume is the outcome of a suggestion that the authors’ 
Li\ssons in Science, originally intended to assist pupil teachers 
and others oflering Physics and Chemistry in the Preliminary 
Exaiiiiiiation for the Certificate of the English Board of 
Education, would, if modified and extended, meet the needs of 
candidates preparing for the examination in elementary science 
(Physics and Chemistry) for the Matriculation Examination at 
the University of Madras. 

The present edition will be found to contain a full descriptive 
and experimental treatment of all the subjects included under 
Elementary Science in the new Syllabus for Matriculation at 
the University of Madras, and to cover the work necessary for 
similar Examinations at other Universities. 

Each chapter is provided with a summary of the chief points 
explained, and is followed by a miscellany of questions set at 
numerous important public examinations. 

The authors gladly take this opportunity to acknowledge the 
assistance rendered by Mr, (1. H. Wyatt, B.Sc., in arranging 
the present edition, and in writing some of the new sections. 


R A.G. 
A.T. S. 
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LESSONS IN SCIENCE 


CHAPTER I 


PHYSICAL PROPERTIES AND STATES OF MATTER 


1 PROPERTIES OF MATTER 

1 pArftftity —(a) Filter some muddy water through a filter paper 
placed in a funnel (Fig 1) The particles of water are sm^ll 
enough to pass through the pores of the pa^r, but the solid 
particles of mud are too large hence they are left behind 
(h) Procure a piece of chamois leather make it into a bag and 
pour some mercury into it fiiorease the pressure on the mercury 
by twisting the leather Ihe 
mercury is forced through the 
pores This is a common way 
of filtering mercury 
(c) Half fill a barometer tube 
with water then gently add 
alcohol until the tu& is nearly 
full Make a mark on the tul>e 
at the level with the top of the 
, liquid column, and afterwards 
shake the tube so as to mix the 
water and alcohol well together 
Observe that the volume of the 
mixture has diminished the reason being that some of each liquid 
nas filled up pores between the particles of the other 
li Ptwure a skb of polished marble or some similar 

matenafaiid smear it with ou Drop a billiai*^ Wl^ or a large glass 
marble, from a considerable height on to the slab Catch it as it 
rebounds Notice that a blot of oil is found where the ball oanie^ 
into contact with the slab Compare the size of the blot with the 
spot which IS formed when the marble is placed in contact with 
the slab 

Evidently the ball underwent a compression as the result of^ 
colbsion with the slab, and, bv virtue of its elasticity, it regamid 
its original size, causing the rebound 

L.S.I. A 



Fia 1 '—Funnel and filter paper 
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What is meant by “ matter.” - Our earliest knowledge of 
the world toaehes us that on every side we have what we 
familiarly apeak of as things of all kinds. We beco^te aware of 
the existence of these things in different ways Some we feel, 
some we smell, some we see, some we taste, while othcis again 
make their existence known to iis by tlie sounds we liear. On 
a windy day at the sea-side, standing on the bea(‘h, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
bouring boat or the seaweed on the shingle • we see a distant 
ship at sea or the clouds hui ry mg across the sky ; we taste the 
salt in tlie air ; and we he<ir the never-ceiising roar of the waves 
as they break at our feet All these things, about which we 
;ct to know by our senses, are called niateiial things ; they are 
01 ms of mattei. We must think of matter, then, as meaning 

things which exist in or out of our world, which we can become 
Lware of by the help of our senses. 

Different kinds of matter.— Of course the number of 
iifferent kinds of things is very great, but yet they can all 
be arranged in three classes, taccorilmg t(> ceitain of the 
propel ties they possess, whuh we shall inunediately have to 
study. The classes are (1) S(»li(l things or solids ; (:i2) Liquid 
things or liquids ; (3) Oaseous tilings or gases. Sometimes the 
last two are made into one class and calk'd fluids. 

What is meant by “properties.”— We shall have occasif>n 
to use the woid properties so often that it will be well to under- 
stand clearly what meaning the woi d conveys, and this can be best 
accomplished by one or two examples We say a strawberry is 
sweet, or a strawberry has the pro}Kjrty of sweetness ; the pajier 
of this book is white, or the piper possesses the }iroperty of ' 
whiteness ; the sun is bright, or the sun is noted for the 
property of brightness. Evidently, then, propertLes are certain 
effects caused by tbe things which are said to possess them. 

Properties possessed by aU kinds of matter.— There are 
certain properties possessed in common by all kinds of matter ; 
these are said to be general properties. 

1. Matter must occupy a certain i^ce, or possesses extension ; 
the larger it is the larger the spice occupied by it. 

2. Two material things cannot occupy the same space at the 
*Bame time. This property is expressed by saying that matter 
is Imuenetrabla. To be quite accurate, we have to know som( 
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thing about the ^ay in winch matter is built up. We shall 
see more €ully later that eveiy kind of matter is regarded 
as being built up of small constituent parts, which are 
incapable of division, and that it is really only these indivisible 
parts which are impenetrable. 

3. Blatter offers resistance.— We liecome aware of this, in the 
case of solids, if we knock ourselves against the w^l or the 
table ; if we swim or wade in water we know the same thing is 
true of water, and we find it to be so of all liquids ; if we 
attempt to run with a scr een in front of us we become conscious 
of the resistance ottered by the air to our onward progress, and 
from this learn that gases, too, offer resistance. 

4. Matter has weight — Without knowing the full significance 
of the expression weight, we shall have a sufficiently clear idea 
of what is meant by this property from its familiar use in every- 
day conversation. By lifting a solid we become conscious of its 

^ possession of this property ; if we lift an empty bottle and then 
when it is full of any liquid, we shall find it is lighter in the first 
instance, or, as we say, the liquid has weight. By the exercise 
of sufficient care it can be shown, in just the same manner, that 
gases have weight. 

5. Matter transfers motion to other things when It strikes against 
them. — If we throw a stick at a cocoa-nut on the end of a pole, 
or send a jet of water at a ball, or blow at a piece of paper, 
another of the general properties of matter can be demonstrated, 
namely, the power of giving motion to other things by striking 

^against them. All these general properties can be brought 
together in a definition — thus : Matter ocyapies space, offers 
resistance, possesses weight, and transfers motion to other things 
when it strikes against them. 

' Other properties of matter.— Matter possesses other char- 
acters or properties which it will be usef A to study. 
Though these, too, are general properties, it is po^j^ to form 
a good elementary notion of matter without taking^ them into 
account, and it must be remembered that these properties 
cannot all be applied to every kind of matter. We shall 
i consider (1) Divj^iibility, (2) Porosity, (3) Compressibility, 
(4) Elasticity, (5) Inertia. 

^ Divisibility. — Imagine some material body before yon on a 
stable. You know that with suitable means you can divide it 
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into parts by cutting, that each of the halves can be again 
divided, and that the bisection can be continued ag long as the 
knife is sufficiently line and sharp to be able to cut the substance. 
Evidently, if you could only get sharper and sharper knives, and 
keener and keener eyes, this process of division could be carried 
on for a very long time. This property is what is understood 
by divisibility. 

Could this division go on for ever? There are reasons for 
believing that it could not. Eventually a stage would be 
reached at which each individual part would bo indivisible ; 
these parts are called atozna. It must be at once understood 
that atoms have never been seen. We can only imagine what 
would be the end of our process of division. Our strongest 
microscopes biing us nowhere near the possibility of seeing 
an atom. 

Porosity. — We are all in the habit of associating this property 
with certain familiar forms of matter. The sponge we use in 
the bath has holes through it, or is, as we say, porous. A piece 
of blotting paper is another common example of an obviously 
porous material ; the substances used in filters must also 
evidently be porous, or else the water would not percolate 
through them. Porosity refers to the possession of these 
Interstices or pores. In some cases, though we cannot see 
these pores with the naked eye, we easily perceive them with 
a microscope. The pores have often been shown to exist, even 
where it is difficult to imagine their existence, by forcing water 
through them. Thus Francis Bacon, in 1640, forced water 
through a very carefully closed sphere made of lead. * 

Compressibility. — This property follows as a natural conse- 
quence of that just described. If pores exist between the 
indivisible small particles of which matter is built up, it ought 
to be possible, by the adoption of suitable means, to make these 
particles go closer together. This is found to be the case. By 
pressing upon the body from outside it can be made smallei*. 

This is well known to be the case in gases, which can 
actually be made to become successively one-half, one-quarter, 
one-eighth, and so on up to at least one-hundredth of their 
original size. 

The same thing holds true in the case of solids, though to 
a much smaller extent. A familiar example of the compression. 
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of solids is seen when a druggist presses a cork between two 
pieces of iron in ofder to make it fit a bottle for which it was 
previously too large. But, generally, in the case of solids the 
pressure exerted has to be very great to bring about even a 
small compression. 

It was believed for a long time that liquids could not be 
compressed, but it is now known that they can be slightly 
reduced in volume, that is, the pai tides can be forced nearer 
together. 

Thus we learn that compressibility is not only a consequence of 
porosity but actually a proof of its existence. 

Elasticity. — Imagine a gas to liave been made to assume 
one-half its size by compressing it. What would happen if the 
pressure, w'hich is the cause of the diminuticm, were suddenly 
lenioved^ The gas would resume its original size or volume, 
and it would, ho far as appeaiunees are concerned, seem to have 
undergone no change The gas is said to be perfectly elastic 
and the property which enabled it to go back to its original 
state is called elasticity. Similar results follow with liquids ; 
they also are perfectly elastic. 

Some differences arise when solids come to be examined. 
Though the property can be developed in solids in at least four 
ways— by pressure, by pulling, by bending, and by twisting— 
we need only iii this connection consider the tirbt, as it is the 
elasticity which is developed by pressure which is most marked 
in all forms of matter. Ivory, marble, and glass are examples 
of elastic solids ; while putty, clays, fats, and even lead are 
instances of solids with scarcely any ehusticity. In a scientific 
sense, glass is more jierfectly elastic than india-rubbei, because 
it returns to its original sluipe after it had been forced out of 
that shape, whereas india-rubber does not return exactly to its 
original shape. 

A solid will only resume its former dimensions wdien the 
pressure is i-enioved, provided that the pressure is within a 
certain limit. If the pressure be more than this minimum 
amount, or if it exceeds the limit of elasticity, as it is called, 
the solid will not return to the initial size ; it will undergo 
a permanent change. As the student will see later from 
Expt. 3 i., this limit of elasticity is only exceeded in the case 
of india-rubber when the pressure applied is very great 
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Inertia. — This property will be considered more fully in a 
later chapter, and here we need only say t?iat it is entirely 
a negative property ; it may be expressed in a general way by 
the stateiueut that inanimate bodies are incapable by them- 
selves of changing their state of rest or motion. 

2. THE THBEE STATES OF MATTEB. 

1. Solid. — Procure a lump of icc and notice that it has a 
particular shape of its own, which so long as the day is sutlieiently 
cold, remains fixed. 

it Liquid. — With a sliaip hi ad-awl or the point of a knife break 
the ice up into pieces, and put a coiiveinent fpiantity of thimi into a 
beaker. Place the beaker m a warm nxmi, or apply heat from a 
lalioratoiy hnnier or spirit lamp The ici* disappears, and its jilace 
is taken by what we c«ill water. Notice the characters ot the 
water. It has no definite sliape, for by tilting the beaker the water 
can he made to flow about. 

lii. Gas. — Replace the beaker over the hurni'r and go on warming 
the water. Soon the water IkuIs, and is eon veiled into vapour, 
which spreads itself thioughout the air m th(‘ room, and seems to 
disappear. The vapour can only be made visible by blowing cold 
air at it, when it heooiiies wlnte and visible, but is really no longer 
vapour, but lias condensed into small drops of water. 

iv. Change from solid to gaa -Warm a Elorenoe flask by twirling 
it between the finger and thumb aiMivc the flame of a fahoratory 
hiinier. When it is too warm to Iwar the finger upon the liottom, 
introduce a ory.stal of iodine, and notice it is at once converted 
into a iKjautifuI violet vapour. 

V. Gradual change of state. — Waim a lump of sealing-wax or 
bicycle cement in an iron spoon, and notice the gradual conversion 
into a liquid. 

States of matter. —Solids, liquids, gases. - The fact that 
there are three kinds of material tilings is well known to every 
one, and has been stated already. We must now’ add to this 
another idea, viz., that the same matter can esist in three 
different states. 

In Ex]jeriments 2 i.-iii., the same form of matter has been 
made to assume three states ; in other words, ice, water, and 
steam are the same form of matter in the solid, liquid, and 
gaseous state respectively. 

The change from one state to another may be sudden or 
, gradual. — The circumstances attending the change from the 
solid to the liquid, or from the liquid to the gaseous state, are 
not always the same as in the case of water. When solid 
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4oflLP <<^ is heated, appears to pass suddenly from the condi- 
tion of a Solid to that of a gas. Camp hor is another instance 
of this sudden transition from sr»lifl to vapoui*. Wlu»n, on tlie 
other hand, scaling wax is heated, it very gradually iiasses 
into the liquid condition, and may he obtained in a kind of 
transition stage— neither true solid noi* true liiiuid. 

There is no hard and fast line between these three conditions 
of matter. The reader will find as liis knowledge extends 
that intermediate states of matter are known between those 
described, but for the pi*esent it will be best to confine the 
attention to this siiu])lc division, reserving for future work a 
study of these gradations. We shall now consider the dis- 
tinctive properties of solids, liipuds, and gases. 

3. DISTINCTIVE CHABACTEBS OF SOLIDS. 

I. Stretohing of india-ruliber. — Fix one end of a piece of india- 
rublxir cord, or tiibmg, alxmt two feet long, to a support (Fig. 2). 
Stick two pins through this cord about ISmclies 
apart. Tie the lower end of the cord into a loop, 
and tlieii hang a weight by means of a hook fiom 
it. Measure the distance hetw^een the pms be- 
fore and after putting on the weight. Repeat 
the experiment with different weights. You 
will notice that the cord can he sit etched or 
elongated, because the weights exert a pulling 
force upon it. If a long metal wure is used in- 
stead of the cord, the stretching can he measmed 
ill a similar w ay, but it is much less ; tor instance, 
a brass wire inch in diameter and eleven 
feet long elongates about inch when a weight 
of 28 lbs. is pulling it. 

II. Bending of a lath. —Procure a flexible wooden 
lath, and fix it liorizoii tally by clamping one end 
of it firmly. To the othei* end attach a pin by 
means of a little w'ax. Place a rule vertically 
near the pin, as in Fig. 3. Hang a w’eiglit fiom 
the free end of the lath, and observe the amount 
of licnding. Keeping the same W'eiglit, clamp 
the lath so that only half the previous length 
can he bent, and again notice the amount of 
bending. Try also with other lengths. 

lit Twistii^ of a wire.— Suspend a wire with 
a weight at its lower end, and under it a circle Fio. 2.— Experiment 
divided into degrees in a manner similar to that 
^ shown in Fig. 4. Notice the position at which ^ an indm^rubbe? 
'the weight comes to rest; then twust the weight cord, • 
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through a oortam angle and let it go The wex^t untwists hack to 
ttie starting point and beyond it and then spins in the way it was 
twist^, and goes on osoiUating in this manner until it comes to 



rest Observe how long the weight takes to make ten or fifteen 
complete spins Repeat the observation with wires of different 

lengths and diameters, and made 
of different metals The time 
of an oscillation depends uwn 
the tendency to untwist so that 
the experiment shows that this 
depends among other thii^, upon 
the length, diameter, ana nature 
of a wire 

iv VsMMity — Suspendabalance 
pan from the lower end of a thin 
copper wire attached to a beam 
Ada weights to the pan until 
the wire breaks The force re* 
huired to break the wire is the 
joint weight of the balance pan 
and the weights in it Kej^t 
the experiment With wires of 
the same diameter but made 
Fro 4,— Blasttelty of iot^on different matenal 

mUA tM4y Aew not mdUy tltw Its dip tfdlM. 
pw&Tdttne MiAth* na« fittmimlwi uijMttdttt 

» Caret.— Ant»tb^ ^7 of eXpreesing tbe 

In the definitios Is to my that ttma 
solids ore more ti|^d thm soft ones, L^at4%;0|k ^ 

hand, poMoas no rigi^y, hot the oppodits p«q|i«l!|^ ^ 
Sgtehal of sbU^ Lhiidd. i»rt|«iss Sli^' ove» <«s *1^ 
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easily that tlie siy*facc of a liquid at rest is always horizontal. 
Fine sand may be made to flow, but the particles, however, do 
not move freely over one another, so the surface is left uneven, 
which fact provides us with a clear means of distinguishing 
between a solid and a liquid. 

Solids possess elasticity. — It has been shown already that 
elasticity can be called into play in solids by pressure, and 
also by pulling, bending, or twisting. It would take us 
too far into the subject of Physics to describe how the 
elasticity has been measured in these cases, but that there is 
an alteration of form when solids are treated in these ways is 
shown clearly by the results of Experiments 3 i.-iii. 

Solids possess tenacity, ductility and hardness.— The 
force required to tear asunder the particles of a body varies 
with different materials ; in other words, some substances are 
more tenacious than others. 

Tenacity is measured hy ascertaining what weight is necessary 
to break solids when in the form of wires. — In making the 
measurement of tenacity, the area of the cross section of the 
wire must first be estimated carefully. By the cross section 
is meant the area of the end of the wire when it is carefully 
filed to be at right angles to the length. This cross section is 
estimated by measuring the diameter of the wire and 
calculating.' 

It is found that a wire of twice the cross sectional area of 
another is ]ust twice as tenacious Evidently, then, if we 
wish to compare the tenacity of tw'o wires of different materials, 

* it will make the experiment much simpler if wires of the same 
cross section are selected. C'Jast steel is the most tenacious of 
all metals, being about twice as much so as copper and forty 
times as tenacious as lead But the tenacity of steel itself is 
exceeded by that of unspun silk, while single fibres of cotton 
can support millions of times their own weight without breaking. 

Ductility is the prbperty by virtue of which soUds can be made 
into wires.— A ductile material is tlius one which can be drawn 
out. The change of form in this case is produced by pulling. 
Malleability is a similar property to ductility, but the change of 
form is brought about by the application of pressure ; gold,* 


I Area of crosa aoctions y x 
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copper, and lead, for instance, ciin be beaten out into thin 
plates, and are therefore malleable substances Lead is an 
example of a malleable material which is not ductilo--it can be 
beaten out but ciinnot be drawn into wiies. A solid wliich 
can be easily moulded into any shape, which it also retains, 
is said to be plastic. An example is modelling clay. 

Platinum is tlie most ductile and gold the most malleable 
metal known. Platinum lias been diawii out into wire so fine 
that a mile of it weighs only one and a quarter grams. Gold 
has been beaten into plates so thin that it would require three 
hundred thousand of them placed one above the other to make 
a layer an inch thick. 

Hardness is the property by virtue of which solids offer resist- 
ance to beins: scratched or worn hy others. - This is .i propei ty of 
great importance in the study of minerals, as it often affoids a 
ready means of distinguishing them. The method of measuring 
hardness consists m selecting a series of solids, eacli one of the 
series being harder thr.ii the one above it, and softer than the 
one below it. At one end of the seiics, therefore, the haidest 
solid known is placed ; at the other end, the softest which we 
may wish to measure. A hard solid is frequently also bntUe, 
that is, it is easily broken when we attem])t to bend it, or 
when we subject it to a blow. Very hard steel is also very 
brittle. 


4. DISTINCTIVE OHABAOTERS OF LIQUIDS. 

i Viscosity. — Procure speeiriieiis of treacle and pitch. Soften the ‘ 
latter. Compare the consistency of the treacfic and the softeni'd 
pitch with that of water, and note tlie gradual incieasc in the 
viscosity of the liquids. 

U. laqiild at rest, -Into a shallow glass vessel pour enough 
mercury to cover the bottom. Attach a l>all of lead to the end of a 
fine string, and so construct o. ptttmh’Um Hang it over the surface 
of the mercury, and notice that the line itself and its reflection are 
in one and the same line. If this M’^ere not the case, that is, if the 
image slanted aw.iy from the plumh-hne itself, wo should know 
the surface of the liquid was net hoii/.oiital. 

ill Drops.— Sprinkle some powdered resin on a board and then a 
little Mater. Notice the water collects m (b'ope ; the smaller they 
are, the more nearly spherical they are. Oliserve the same thing 
with mercury on a sheet of pa})er. 

iv. Drop of liquid inside another liquid.— Mix methylated spirit ^ 
and water until a few drops of oil just float when the mixture is * 
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quite cool. Pour fresh oil, by means of a pipette, into the middlo 
of the mixture, !^^otloo spherical glolies of oil can thus l>e formed. 

V. Drops ^an unite.— Ohservo that drops once formed can he made 
to run together again by coming in contact. 

vi. Cohesion. — Carefully clean and polish two pieces of plate glass, 
and then jdaco one on the other. The two surfaces will be found to 
cohere, and considerable force will be required to separate them. 

A Liquid easily cliaiLges its sliape but preserves its 
volume. —We have now to learn the leading properties which 
liquids possess, which distinguish them from solids on one 
hand and from gases on the other. We have learned alieady 
that, being forms of matter, they have certain general characters 
ill common with all other material things : but what is there 
about a li(piid which makes us give it a name of its own ? A 
liquid adapts itself to the shape of the vessel containing it, but the 
conditions remaining the same, it keeps its own size or volume, 
however much its shape may vary. When it is not held by the 
sides of a vessel it at once flows, '^fliis is the commonest everyday 
expcnoiice You cannot get a pint of water into a glass of half a 
pint caiiacity. It does not matter what the shape of the bottle 
or jug may be — providing it holds a pint, as we say, or provided 
its capacity is a pint, the quantity of water taken to fill it 
exactly is always the same. If we turn the jug upside down, 
the water all runs away because there is no part of the vessel 
to prevent it from flowing. Moreover, the surface of liquids 
enclosed by a vessel is always level. 

The flow of liquids. Viscosity.— Tlie power of flowing is 
not perfect in liquids. The .small particles making up the liquid 
^always stick to one another a little, and when any part of a 
mass of liquid moves, it always attempts to drag the neighbour- 
ing particle, which is at rest, with it AYe can sum this up by 
saying that liquids would flow perfectly if they possessed no 
viscosity. Those liquids which have little viscosity, or, what is 
the same thing, are very mobile liquids, are instanced by alcohol 
and water ; wliile treacle and tar have little mobility, but are 
very viscous. Evidently, then, there is a gradation in those 
forms of matter wliicli have as yet come before our notice. At 
one end we have very mobile licpiids, which as the viscosity 
increases flow leas and less easily, until at last there is no power 
of flowing at all, and we have the solid form of matter. 

Liquids find their level. — If several vessels of the most 
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varied shapes (Fi|f 1 5) are ^mmunication with one another, 
and water be pour^ into anj 4^e of them, we^ shall find that as 

water has 

construction of the water* 

hoi izoDtal tube connected 
Fio fi.<>-Vd8sel8 of various aliapos in communloa to a small len&rth at each 
««» The 

upright portions of the tube are of glass, so that the level of 
the water in them may be easily seen However the arrange- 
ment of tubes may be standing, the line joimng the two surfaces 







jfio. to show inlnottkle of water letil 


Wfi alwayahe level This ifc of great service to surveyors and 
who must be jabte to find a level line for the pnrpoiiie 


<»M«aimilwt« ftiintt* •q^tuOIr to sil ' 

• vw t» dmtKbM iwt' ta 
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communicate pressure, and then try to understand the second 
part of the statement, that they communicate it equally iti 
all directions Imagine we have two cylinders in ponnection, 
as shown m Fig 7 Into each cylmder fit a 
piston with a pkte attached to the top If 
we push one piston down, we notice that 
the other moves up If we put a weight, say 
10 lbs , on to each piston, they will balance one 
another exactly, and there is no movement 
in either case Each piston is pressed up 
wards and downwards to an equal degree, 
and in consequence does not move at all 
The experiment can be varied by making ^ 

one cylinder horizontal, while the other re aydro^^ 

mams vertical In this case, also, if we push 
m the horizontal piston we notice that the of the aame stw 
upright piston rises in just the same manner 
as before, showing us that pressure is com ^ 

municated tn different direetiom Pig 8 shows 
a rubber ball pierced with small holes, and containing water 
On squeezing the ball it is easily seen that pressure is com 
muiucated by a liquid equally in all diiections. 

Hydraulic press — Be\erting to the first example the last 
paragraph, and glancing at fig 7, suppose that the eurface of 

the piston on the right 




Fie« S of liquid pfOMdre. 


had been twice as jg^eat 
as the other, and thai^ 
as before, weights of 10 
lbs had been idaeed upon 
each piston The^ wotdd 
no longer hajaneei 
right hand weight wouid 
be pushed upwards, and 
to bring abqut a halenoe 


it would be found necessary to put 20 lbs. on the ^argeic 
^uudarly^ had the nght band piston been a hundred 
weehuuld have to put 1,000 upon it to hrmg ahou|^^^iga 
^ upwai^d forces thmi, la proportwmal to theextei] 
Shieprineipi^v^hiebjseetueeoi 
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paradox^ and is utilised in the hydraulic press, called, after its 
inventor, the Bramah press, which is shown in Fig 9 Here 

we have exactly the con 
dition of things just de 
scribed, two cylinders in 
connection, with pistons 
fitted into them, one much 
larger than the other The 
application of a compara 
tively small force to the 
small one is felt on the 
larger one, and it is as 
many times greater in an 
upward direction as the 
piston of i? IS laiger in 
area than the piston in A This great upward force is being 
used in the instance shown m the diagram to compress bales of 
wool 

Liquids can be separated into drops which will run 
together again —Liquids are able to form drops because of a 
property, known as cohesion, which they possess The larger 
the drop which can be formed the greater is the cohesion 
between the particles of the liquid 

Cohesion Is the mntual attraction which the partides of a hody 
exert upon one another , it is, mdeed, the force which keeps the 
particles of a substance together Cohision is strongest in 
solids, which m its absence would crumble into powder it 
acts between the particles of liquids, but m gases it may be said 
to be absent 

Cohesion differs from another similar property possessed by 
some kinds of matter and known Us adhesion Adhesion 



denotes the attraction between unlike particles of matter A 
metal plate may be made to adhere to glass , and a postage 
stamp may be said to exhibit the existence of the ^orce of 
adhesibn when it is stuck upoh an envelope 

4 IV makes dear the iMerence betweeu dus 
adiieaidh exhibited between the postage stamp and the ^vdepe 
fdndl force of cbhedmi i v 

‘ hm ateeadj^been 

between * and a li^id ie 
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flowing winch the Littci ijosscHses. (iases also possess fluidity, 
and to a much luoi 3 niarkud degi-ec than liquids. But whereas 
liquids are 'almost incompri‘SKi1)le, gases are very easily com- 
pressed into a much smaller spice according to a definite 
law, viz., just in tJiat ratio in which you increase the pressure 
on a gas do you (hrre<ise the volume which it occupies, the 
temperature remaining the same thioughout the process. 
Nor aie these th(‘ only diflereiices A lupiid always adapts 
itself to the shape of the containing vessel, and pi'esents a level 
surface ; a gas, on the other hand, will, however small its 
voliiiiie, immediately spread out and do its best to fill a vessel, 
however largt*; and it does not present any suiface to the sur- 
rounding air. We can nevei say exactly where the gas leaves 
oft and the air begins. Anothei distinction will be more fully 
appreciated after we liave coihsidered the action of heat upon 
the volume of bodies We shall learn that, generally speaking, 
all bodies become larger as they are heated ; this is very much 
more decidedly the case with gases than with liquids. Oases, 
tbeiL, are easily compressible and expand indefinitely. 

We shall Icani that gases exjiand equally when heated to 
the same extent, but tins fact and others will he much better 
understood in then* propei’ places. 


5. MATTER CANNOT BE DESTROYED. 

i. Weight of water and steam. Boil watiT in a flask or a retort, 
a.s in Fig 236, and catch the condensed steam, taking care that none 
esc.ipeH, in another flask k<‘pt cool b> icstnig in water. The water 
thus collected will he found to have the same weight as that 
boiled awa 3 ^ 

ii Weight of ice and water. — Place a piece of ice in a flask sus- 
pended from one ami of a lia lance. Counter] )oise the flask with 
the ice in it ; tlien melt the lee by w'arniiiig the flask, and show 
that the counterpoise is unaltered. 

iii. Weight of salt after dissolving.— -Put .<ionie warm water in a 
flask and some salt in a jiiecc of iiaper. Counterpoise the flask of 
water and the paper of salt together and then dissolve the salt m 
the M^ater. The total weight remains iinalten'd. 

iv. A burning candle produces moisture.— Over a burning candle 
hold a white glass bottle winch has been cnrefully dried insid<* and 
out. Observe that tlic inside of the bottle lieeomes eovered with 
mist and after a short time drops of liquid are formed which run 
down the sides of the bottle Th€ bumimj of the caivdh has revolted 
in th^ production of a new form of matter. 
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V. A bumingr candle produces a — Allow tlio candle to burn in 
a similar bottle placed on the table. After a time the candle ceases 
to burn. When this has happened take the candle ovt and cover 
the bottle over with a glass plate. Notice that no change seems to 
have taken place in the gas which filled the bottle. Now pour 
some clear lime-water into another clean bottle and shake it up, 
the lime-water remains almost if not quite clear. Lift off the ehiss 
plate and do the same with the bottle in whicli the candle has been 
burnt ; the lime-water becomes milky. The burning of the candle has 
aliu> resulted in the formatum of a mw kind of matter^ viz., a gas 
which causes dear lime-water to become cloudy. 

Constancy of weight in different states.— When a solid 
is converted into a liquid, or a liquid into a vapour, no change 
of weight is experienced. This has been found to be true in all 
cases. 

No kind of matter can be destroyed.— There is a certain 
fixed amount of matter in tlie universe which never gets any less 
and never any greater. If we confine our attention to the earth, 
we cannot say that it never receives an addition to the matter of 
which it IS built, for every year it is receiving nunibei*s of small 
solid bodies which are continually falling upon its surface from 
outside space. But the proposition means that in those cases in 
which it is populaily supposed there is a loss of matter, for 
instance when a fire burns out, no such destruction has taken 
place, but only a change in the form assumed by the matter. 
It will make the statement quite clear if we follow out what 
really takes place when a candle bums, and, as it would seem, 
gradually disappears. 

When a candle burns it ceases to exist as tallow or wax, 
or whatever the candle is made of, and assumes new formg, 
still material, one liquid, the other a gas wliich makes lime-water 
become milky. If we weigh all the liquid formed and all the 
gas which renders lime-water milky, we find that the weight of 
these two things together is actually more than that of the part 
of the candle which has disappeared. The reason why there is 
an increase of weight will be explained later. The arrangement 
for performing this experiment is shown in Fig. 10. The candle 
is burned in a wide tube, fitted with a cork at the bottom with 
holes in it to allow the air, which is necessary to help the candle 
to burn, to pass in as shown by the bent arrows. The tube is 
filled with a substance which has the power of arresting the 
products of the burning. Such a substance is caustic soda, 
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which IS used m the form of lumps Before the experiment is 
started, the apparatus is weighed After the candle has burnt 
for a few minutes, it will 
be found that the tube has 
increased in weight We 
are quite sure, therefore, 
that there has been no loss 
of matter 

Similar experiments to 
these with (sandles may be 
also carried out with ordi 
nary lamp oil or petroleum 
The same two substances 
are produced as the re 
suit of the burning and 
the same propoition of air 
IS used up Replacing the 
lamp glass and candle by 
a small oil lamp we could 
show that there is in this 
case also no loss of weight 

Chemists have satisfied 
themselves that this fact is 
universally tiue, and it 
must be remembered as a truth of the highest importance, 
matter is indestructihla 


CHIEF POINTS OF OHAPTEB I 

II we speak of matter we mean all things which 
exBrtrtST out of our world which we can become aware of by the 
help of our senses 

j^perfelea are certain effects caused by the things which are said 
to jKMisess them 

Ampertlea possessed by matter <~Matter occupies space, offers 
rematance nossesses weight and transfers motion to other things 
when It strmes against them 

the sime matter can exist in three dUEdreat stat«s.-^TIie tthee 
states of |!ia4;ter are the solid Uquld and gaseous. By 
mbana as in the mqmrimeni^ described in the chapter, tm taina 
Ipethm of matter can be made to amume these states ha 
P^m^mes the ohange from one state to another Is gradmd| 
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times siukleii. There la no haixl aiwl fast line between the three 
conditions of mattei. , , , , ^ i i 

DistincUye characters of solids. -A solid body d(K*o not leadily 
alter its size and aliapc. It ^\lll keep its own volume and the sdnie 
toriii unless siibji'oted to a eoiisideiablcj force. Or* solids ]>ossi*ss 
rigidity Solids eominiinieate piessiiK* in one direction only. 

Solids possess elasticity, tenacity, ductility and hardness. 

Klmtinty IS the tendency to go Ixiek to the oiignial form or volume 
aftei being foiced out oi it. 

Tenanty is nieaaiued by ascei taiiniig wh.it weight is necessary to 
break solids w'heii in the iorm c»f wires 

iJuetifity IB the propel ty by viitue of which solids can be made 
mtowiies 

MnlhahiUty la a simil.ir piopeity to ductility winch en.ibies 
eet t.iin solids to bo beatc'ii out into sheets. 

IS the proptMty by viitue of whieb solids offer resistance 
to being scratched oi worn by others 

Distinctive characters of liquids -A liquid adapts itself to the 
sh.ipe of the vessel eontaining it, but tlu‘ conditions remaining the 
same, it keeps its own size or volume, how^ever much its sliape may 

laquida possess fluidity. — When a liquid is not held by the sides 
of a vessel, it at oiieo flow's. Tins xMiw'cr of flowing is not peifect in 
liquids, or lupiids are not peifcctly mobile. They all possess a 
certain degree ot riMComfy. 

Other properties of liquids.— They find their level 1 hey eom- 
municato piessiux) e(iu*illy in all directions. Tliey can be sepaiated 
into drops w'hich will run togetlicr again. 

Distinctive characters of gases - They possess fluidity to a much 
mole marked degree than lujiiids. Unlike li(|Uids they can easily 
be c(»nipressed into a much sin.iller sjiaer* A gas, however small its 
volume, will spread out and do its Ix'st to fill a vessel, howevei 
large. Expressed shortly, gases arc easily compressible and (jxpand 
md(*finitely 

Constancy of weight in different states.— When a solid is converted 
into a liquid, or a liquid into a vapoui, no change of weight is 
expel lenced. 

Matter is indestructible. There is a certain fixed amount of 
matter m the universe which never becomes any less and never any 
greater \Vhate\er changes may occur in the oonipoHition of matter 
tlicre is never any los.s ot w eight. 


QUESTIONS ON CHAPTEB I. 

1. What do you understand by “matter,” or, a “material 
thing ” ’ 

2. Give some of the properties which are possessed by all kinds 
of matter and explain in your own words what is meant by a 
property. 
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3. Describe oxpcrtnients which prove : — 

(a) Tllat solids are porous. 

{h) That licpiids e<^nU4in pores. 

4. What cjxperimcTit ctmld 3 'ou perform to show that a solid, say 
a billiard ball, is elastic? Explain as well as you can what you 
mean by elasticity. 

5. 'I"he same portion of matter can. under suitable conditions, 
assume different states. Descrilni fidly some cxpeiiment which 
illustrates this statement. 

6. What evidence can 5 'ou give that the different states of matter 
gradually shade into one another? 

7. What properties are gtaierally associated with matter in the 
soli<l form ? (live a definition of a solid which includes the chief of 
these. 

8. In what respects ai-e liquids different from solids? 

9. How do gases and li(|uids differ ? 

10. What property in particidar is possessed by liquids and not 
by solids ? And what cliaracter has a gas which neither liquids nor 
solids possess ? 

1 1 . Wluit property is it which liquids i>ossess which enables them 
to form drops ? Descrilx^ another experiment w^hich talso show’s the 
possession of this property by liquids. 

12. Give in the form of a definition the distinctive properties of a 
liquid. AVhat name <lo we give to the property which prevents 
liquids from being perfectly fluid and w'hat do you know about it? 

13. Describe experiments in support of tlio assertion that liquids 
communicate pres.surc c?qually in all directions. 

14. What is meant by the “hydrostatic paradox”? Describe 
some useful apparatus in w hich this principle is utilised. 

15. How would you show’ by experiment that the weight of the 
same portion of matter in different states is constant ? 

10. On what grounds is the assertion basiMl that “Matter is 
indestructible ” ? 
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6. LENGTH. 

1 Simple measurements. — Obtain a rule divided into inehes and 
eighths or sixteenths of an inch on one edge, and tenths on the 
otlier edge. Measure the haigth, or width, of any convenient 
object, such as the top of a table or desk. Write down the length 
in feet, inches, and fractions of an inch, thus : 

Width of desk, 2 feet, inches. 

Length of sheet of foolscap x)aper, 1 foot, 1 J inches. 

ii. Decimal fractions. — Look at the part of a rule having inches 
divided into tenths. How many tenths are there in half an inch? 
The tenths of an inch can lx? written like common fractions, for 
instance, signifies one-tenth, and yV means three-tenths. A 
more convenient way is to separate the inches from the tenths hy 
means of a dot. Thus, a length of in. is written on this Dccimil 
System as 6 ’.3. The two ways t)f writing tenths in eommon and 
decimal fractions may be companid as follows : 

fractions/ ^ 

f^ti^ns} ® ® ^ 

iii. Measurements in tenths. — Measure one or two small objects 
as Ixifore, using the part of your rule divided into inches and tenths. 
Write down the number of inches and tenths ; thus, length of a new 
lead pencil, 7*1 inches. 

iv. Metric measures of length. — (a) Look at a rule divided into 
inches and parts of an inch on one edge, and metric measures on tlio 
other, as in Fig. 11. The smallest divisions upon the metric scale are 
millimetres {mm.); 10 of these millimetres make 1 cmitim.etre (cm..), 
10 centimetres make a decimetre (dm.), anrl 10 decinicLres make 
1 metre. A metre thus contains 10 decimetres, 100 centimetres, and 
1000 millimetres. 
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(b) imd how many millimetres there are in the length of this 
page Write down the result in (1) millimetres (2) centimetres 
and tenths o# a centimetre (3) decimetre and tenths and hundredths 
of a decimetre 



Fw, 11.^— A ruler mwA teuttis, totimetets and 


y Relation between Metric and British measures of length — 

(a) Measure the length of this page both in inches and centimetres 
also determine other lengths in the two systems of measurement 
Put down the results in parallel columns as shown below and 
from them calculate the number of centimetres in an inch 


Length in centimetres 

Length m inches 

No of centimetres 

No of Inches 





(6) Upon the back of an ordinary tape measure mark ofif a length 
equal to 100 centimetres that is 1 metre starting from the point 
wnere the inches begin on the other side Prick a hole through the 
measure at the point where you mark the length of a metre then 
turn over the measure and notice where the hole occurs on the mob 

scale Number of inches m one metre =39 3 

Number of centimetres in one yard«=91 4 

Bntish measures of length*— To secure uniformity, and 
provide a permanent length with which others may be compared 
if necessary, a standard of length has to be agreed upon, and 
this has been described as follows in a publication of the 
Standards Department of the Boaid of Trade ‘‘In the 
Imperial system of measures the yard is the unit of length, 
and from this measure are deiived all other measures of 
extension based on that system, whether linear, superficial, or 
solid It IS represented by the distance between two fine lines 
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traced on a metal bar winch is deposited wntli the Board of 
Trade. This bar is made of bronze or jifun metal ; it is 38 
indies long, and one square inch in section, the defining lines 
being traced on gr)ld pings or ])ins inserted at the bottom of a 
cylindrical hole near to each end of the bar.” 

Metric measures of length. — When new standards of 
mcasiireinent were being considered in France, m 1795, French 
geonu‘trici.ins decided that an aibitrary standard such as our 
yard, in view of the duince of its loss or destruction, was an 
uudesinible one, and they .siigi»estetl that if a fraction of the 
oircuiiiference of the earth weie taken, it w'ould lie possible 
in the event of the loss of the standard, to replace it by an 
exact copy. They pio]K)sed the one ton-rnillionth part of the 
distance from the oaith^s efpiator to the pf)lc- that is, of tlio 
earths quadrant— as a suitable length, and this they called the 
metre After bais had been prepared of this length it was 
unfortunately found that the length of the q uadi ant had not 
been exactly determined, and conse(|uently the length of the 
standaul metre at Sevres is arbitiary. An exact copy of this 
standaid is ke*j)t in this countiy ; and foi our purposes the 
metre may be defined as “the huigtli, at the tenqieiatiiie of 
0® (J., of the nidio-platiiium bar, numbered 1(5, dejiosited with 
the Board of Trade.’’ It is etpial to 39 37079 inches, or briefly, 
3 fec.t 3 3 inches. The metre is subdivided into ten oi[iiaI parts, 
each of which is called a decimetre ; the tenth part of the 
decimetre is called a centimetre, and the tenth part of the 
centimetre is known as a millimetre. I'hus, w'c get 
10 niilliiiieties =1 centiiiictre 
10 centimetres! , , . 

100 niill.u,eti^s| = l 
10 decimetres » 

100 centimetres > = 1 metre 
1000 millimetres J 

The multiples of the metre arci named deka-, hekto-, and 
kilo-metres. Their value is seen from the following talile . 

10 metres— 1 dekametro 
100 metres- 1 hektometre 
lOt'O metres -1 kilometre 

The kilometre is equal to about five-eighths of a mile, or eight 
kilometres arc equal to five miles. 
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• 7. AREA. 

i. Square inches.— Mai k olf lengths tin inoli apart from one comer 
aloiif^ the bottom edj'o of a iKi^e ot yoiu eAoicise hook, or ot a hheet 
of paper. Diaw lines up the paf^e liom each ot th(*se 

marks pi'rpendieiilar I(j the ed^e of the papei . Kiom the same corner 
maik oh lengths ot inches on the side edg<' of yoiii pa])ei, and diavv 
lines across the papei par.ilh‘1 to the lK)tt<mi i*dge. You will tlnis 
divide tlie papei into s<ju.ire inches, (.'ount h( w many sqimie 
inches there aie in one row, neglecting the paits ot a sipiaie inch 
which may liappi'ii to he o^el at the end, and then count the 
number ot lows liv multiplying these two iiuiiiheis tugethei, you 
will evidently obtain tlie total niimher of sipiaie inelies 

u. Length and width. — Draw .in oblong 4 inches m length, and 
3 inches in widtli or height, and divide it iiit»> square inches .is 
hetoic. Notice that the huiuImt ot sipiare mclics j.s equal to the 
length multiplied by tlie height. 

111. Rule for areas of oblongs.— The* pri’Ci'ding exercises hav^e 
shown that, to find the area ot a square or an oblong, it is only 
ncce.ssaiy to multiply the length of the bottom or base by tlie 
height. 

iv. Square inch and square centimetre, —{a) ])mw tw'o rectangles 
.ind determine their ui<‘as both in squaie iiiehes and square centi- 
metres ; use your results to had the iiumhei of square centimeties 
ill one sipiaie inch, thus : 

Area of a giv cn loctangle Area of same rcct.niglo 
111 sipiaro Indies in vinaiu centimetres 


iiieh and divide it up into square centimetres 
Notice tluit it takes about six and a ijuaiter 
square centimeties to make oik* sipiare inch 

Measurement of area.— If the floor 
.of ii room had to be carpeted, it would 
not be enough to measure the length of 
the room only, or its width only, beeaiisc 
both of these ai‘e measures of length 
To know how much carpet is neeessaiy, 
the amount of surface the floor has, or 

Pro 12 - Siiu.iro inch found. To do this, both 

divided into sqiiarcconti- the length and w idth of the floor must 
J**®*^*^^' be measured, and if the room is square 



Square* centimeties. 

S<iu.UL‘ iiu lies 
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or ohionp:, the area can be found by multiplying the two 
numbers together. When the length and width *jie measured 
in feet, then, by multiplying them together, the area of the 
floor in square feet is obtained ; when the measurements 
of the length and width are taken in inches, the area in 
square inclies is obtained by multiplying the two numbers 
together. 

Whenever areas are measured in this country, square inches, 
square feet, scpiare miles, or some other unit fi‘om square 



Fh», i;i — This reptesents a square vaid on a small scale Each small 
squaie represents a square inch, and the laige squares bounded by thick 
lines reptesent square feet. 


measure is employed. “Sipiare measure” is obtained from 
“ long measure” by multiplying. Thus, as there are 12 inches 
in a foot, thei e are 12 x 12s(piare inches in a sijuare foot. This 
will be umlerstood by examining Ihg 13. Each of the large 
squares bounded by thick lires repi*esents a sc^uare foot, but it 
is of course smaller than a real square foot. 

In the metric system also it is the custom to refer to an area 
as of so many sqwire centimetres, or square metres, as the case 
may be. 
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Fig 14 shows on a scale giving one quarter the actual area, 

a square decimetre di 
vided into square cen 
tiraetres The area, 
as drawn, being one 
quarter of a decimetre, 
the length of each side 
IS half a decimetre or 
five centimetres. 
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Fio 14 —Method of dividing a square decimetre 
into square centimetres. 


8 VOLTJBiE 

i Cubic Inch — ^Obtain 
a bar of soap and out 
one end so that it is 
^uare with two sides 
From one corner where 
the end and these two 
faces meet mark off the 
length of an inch along 
the three edges Scratch 


a line along the soap from each of the points thus obtained and 
square with the edge You will then nave three square inphea 



Flo 15 -^How to mark and out oat a cubic inch or cubic centimetre from 
a piece of soap 
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marked upon the soap By cutting deep along these lines a cube of 
soap having each of its edges an inch in length and each of its faces 
a square inch in area is obtained TL his is a cubic inch f I ig 15) 

10 tost whether your cubic inch is true it could be compared 
with one ot the wooden cubes sold for kindergarten teaching 

11 Cubic centimetre — Using soap cheese clay oi similar material 
as before cut one end square with the faces and then mark off a 
length of one centimetre along three edges int eting at one corner 
Scratch lines from each of these points so as to mark three square 
centimetres upon the material used and then cut along the lines to 
obtain one cubic centimetre as in the previous exercise Compare 
this cube with the cubic inch If you have time and material cut 
a rod of plastic substance sixteen centimetres long and one square 
centimetre at each end Divide this into sixteen cubic centimetres 
and then show that the cube made by pressing these together is 
of about the s xme size as a cubic inch 

111 Standard capacity boxes — (a) Cut out of cardboard a figure of 
the shape shown in Fig 16 and of the size indicated by the numbers 



r iG ID —construction of a box to hold 1 cubic decimetre that is 1 litre 

Out the cardboard half way through at the dotted lines and then 
bend it to form a cubical box Bind the edges together with glued 
tape and varnish the box inside and out to make it watertight 
This box will hold one cubic decimetre of liquid and this capacity 
IS called one litre 

(6) Make a similar box having sides one inch in length so that 
it will hold one cubic inch Also, if time permits^ mi&e a box tp 
hbW one cubic centimetre 
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Iv Ou^ic incli and cubic foot — Procure a box or a block one cubio 
foot m isize Divide the top and the othei faces of tjie cube into 

square inches (big 17) Notice 
that the area of each face of 
the cubic foot is one square 
foot Count the number of 
square inches marked on one 
face Notice that 144 cubic 
inches could be out out of a 
slab of the cube one inch thick 
How many slabs having a 
thickness of one inch could be 
cut from one cubic foot and 
how many cubic inches are 
there altogether in such a 
cube’ 

V Cubic centimetre and 
cubic decimetre — Using a 
block one cubic decimetre in 
size divide the top and faces into square centimetres How many 
squaie oenti metres are there m each face’ How many cubic centi 
metres are there in a slab one oentimetrr thick ’ How many cubic 
centimetres go to make one cubic decimetre ’ (Fig 18} 



Fir 17 — To shf w tbo relatjon between 
cubic inch and 1 cubic foot 



Fir 18 —To show the relation between 1 cubic centimetre and 1 cubio 
decimetre f 

) ' , ^ 


vi Fluid measure — Obtain a half pint graduated glass measure 
such as is used by photogiaphers obtain also a smaller one(hig 21) 
Examine the divisions upon them they represent fluid ounces or 
parts of a fluid ounce in Apotheoanes measure 
Til Graduated measuring: Jar — {aj Obtain a jar graduated into 
cubic centimetres like that in Fig 19 Test the aoouraoy of your 
cubic decimetre box by pouring 1000 cubic centimetres of water as 
measured by the graduated jar into the box, and noticing whether 
the water just Alls the box. 


28 


LESSONS IN SCIENCE 


viii Relation between Brltisb and metric measures of capacity — 

(a) Use graduated 3ars to determine (1) The number of cub cms 
in 1 fluid ounce 


(2) the number of 
ounces and drachms 
in 100 cub cms 

(3) the number of 
ounces and drachms 
in 1000 cub cms 

(b) Fill a meas 
ure up to the half 
pint mark with 
water Pour the 
water into the me 
trio graduated jar 
and so find the num 
ber of centimetres 
in a half pint Re 
peat the operation 
so as to determine 
the number of cubic 
centimetres in one 
pint 

(c) Pour 1000 c c 
that 18 1 litre of 
water into a vessel 
Then measure this 
amount of liquid m 
pints so as to find 
the value of 1000 
0 0 in British meas 


BURETTE 



Fio 19 —Graduated measuring vessels 


ix Volumes of solids determined by displacement —(a) Fill a 
metric measuring jar about half wav up with water Notice 
the level Hold a cubic inch of wood in the water bv means of a 
loM pm Notice the rise of level The 
difference between the two levels evi 
dently represents the number of cubic 
centimetres equal to one cubic inch 
/ (b) Determine the volume of a stone 

or any irregular solid by observing the 
difference ot level when it is immersed 
in water (Fig 20) 

X Burette —Examine a burette (Fig 
20) Notice that the divisions are num 
bered from the top downwards Fix the 
^ ^ , burette upright m a clamp and about 

** with water Notice the level 
’bKpupin shov^ the ^lume of Find the volume of a stick of slate pencil 
\ r jjy gently lowering it into the water and 
'• noticing the nse of level produced (The 
peisoil must, of course, be completely immersed m water ) 
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Measurement of volume — The volume of a thing is its size, 
or bulk, expressed in proper units In dealing with volumes, 
three dimensions have to be considered Just as a plane surface 
or area measuring one foot in each of the directions— length and 
breadth — is called a square foot from the name of the figure 
which it forms, so a solid which is obtained by measuring a foot 
m three directions — length, breadth, and thickness — is called a 
cubic foot, from the name cube given to the solid so formed 
Similarly using the Metric system, we may speak of a cubic 
metre or a cubic decimetre 



Fio 21 —Glasses graduated for British fluid measure 


A hollow vessel is capable of holding a certain volume, and 
this IS usually referred to as the capacity of the vessel In the 
metric system a special name is given to the capacity of a hollow 
cubic decimetre that is, a hollow cube having a decimetre edge 
It is called a litre, and is equal to about one and three quarters 
English pints The sub multiples and multiples of a litre are 
named in a similar way to those of the metre There is no such 
simple relation between the measures of length and volume m 
the English system, though the gallon is defined as a measure 
which contains 10 lbs of pure water at a certain temperature 
and pressure A gallon has a volume of 277J cubic inches 
In measuring the volumes of irregular solids, advantage is 
usually taken of the fact that when immersed in a fluid they 
«displac6 a volume of fluid equal to their own volume This im^y 
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be moasiired as i dittereiK-t' of level (Fig 20 ). Tlie^ water dis- 
})lacod 1*011 Id also be poured into a eubie meh box or into a cubic 
tciitinietrc bo\, and tlie number of cubic inches or cubic centi- 
metres could bo thus found Or, wo could get a glass measure 
having culiic iiiclies or culuc centimetres marked u])on it, and 
pour the displaced watt*!* into it Hut the best plan of all is to 
use a vessel having culiic centimetres marked upon it. Water 
can be put in sucli a vessel up to a C(n*tajn mark, and the 
number of cubic centimetres of watei displaced by the solid can 
bo seen at onr*o bv noticing th<‘ number of divisions between the 
levels of the water hoforo and aftei the solid is put in. 


CHIEF POINTS OF CHAPTER II 

Measurement of length. — In estimating huigths, a standard, or 
unit ot length is n(‘ccss<ii*v 

Tlic n/fnidfttff o/fnifffh is the Jnifu rutl fitnmhtrd yard. It 

may h<* d<‘Hncd .is “ tin* h ngtli, .it 02" F., maiki'd on a bionze bar 
de]>osited with the }><jaid ot Tiade ” 

I'he v.ikI is dtridvd into tliiee ciju.d paits, (*ach o.illed ixfoot, A 
foot js (liviilcd into twelvi' eijiwil pints, eaf*h c.illcd an furh 

Th(* Mfhfr 'Standard of I an ft h is called a mtfK' In the metric 
system all measures aie coimeett‘d with one another by tena or 
tenth V 

Till’ metro is dividi’d into ten c<|ual ])aits called d(nmftrcf<, e.ioh 
oi vvhicli IS again divided into ten e(|ual ])aits called rcutimf ftes^ 
and these m tuin aie divided inlo ten ecpi.il paits called mdhimtt t ,s. 

A length winch contains exactly Id metres is called a dfhnnftre, 
one which just loiitains Id di'kanieties, or ItKl metres, is called a 
hd,fom('fn\, .md one vvhicIi is <*xacUy id()d tunes as long as a metro 
is called a k'do-mftrf. 

Measurement of area.— To est.im.iti* .irea, or surfaei*, it is necessary 
to nieasme m two directions, t c. to find the length and breadth of 
the sni face 

Hy multi])lying together the length and hreadlli of a si^uare or an 
ohlong w’e obtain its area. 

IMie expii'ssioiis for area aie obtained hy prefixing the word 
square to the eories])ondiiig unit ot lengl.h thus square millimetie, 
sipi.ire eentmietre, etc. 

A square, eeiitiiiietro is not of a square metro hut -yjjy Xyoir^ 

ro,l,.o 

Cubic measure. — Tlie vohme of a solid is its she, or the amount of 
room it takes up, or the if ornifneK. 

The volume of a rectangular solid is obtained by multiplying 
together the length, h?c.idth, and thickness, the mc’asuremonts 
being at right angles to one anothei. * 
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Metric ’Measures of Length and Capacity. 


Fractions 

<111(1 

Multiples. 

Length. 

(’.qiacity 


Milli -metre 

Milli-litie 

lAff 

(^(‘nti -111(4 le 

Centi-lilie 

f’o 

De(*i-mc‘tie 

Deci-litie 

I 

Metre 

Litre 

10 

D(‘k.i-m(‘tre 

Dek.i-litie 

KM) 

H«‘kto metro 

ll(4vto-htie 

1000 

Kilo-metre 

Kilo-litre 


British and Metric Equivalents. 


1 inch =ab(mt f (‘iitimc'tifs. 
1 foot = ,, 3 (loc*ini(‘tieH 

Maid — ,, /*, nu'lrc. 

1 mih' - ,, 1 I kiloiivtu*. 

1 gallon = „ 4|htics. 


I cm = about ? in. 

1 dm 4 111 

I in - , 3 It 3\ in. 

1 kin - ,, 5 null* 

1 litie- ,, pints. 


EXERCISES ON CHAPTER II 

1. Multiply 10 I s<ju,irc cmitiinctics by 3 (b*oiiiictr(*s, and state 
th(* result both m cubic (s*iitiim‘lri‘s and in litics. 

If the voluine in tpicstioti were filled with water at 4° C., what 
would the weight of the water be ? 

2 What IS the cubical c'ontent, in litres, of a box of which the 
inside diniensions are as follows - length 20 emilimetres, breadth 12 
centimetres, and depth S ceiitimeties ’ What is the weight in 
kilograms of the water it w'onld hold ’ 

3. One pint is eipial to 34*7 eulne inches, and 1 inch is equal to 
2*54 centimetres. How many pints are there in 1000 cubic centi- 
metres ? 

What IS the name given to a volume of 1000 cubic centimetres ? 

4. How would you determiuo tlie voluine of a pebble in cubic 
centimetres 

3. Explain how' the metric units of volume and length arc related. 
Is there any such simple relation iii the ca.se of Hritish units ? 

6. What is meant by a unit of Icuigth, and wdiy is it necessary to 
have such a unit ? 

7. Civo particulars of tlio units ot Itsigtli in use in this country 
and on the Continent, and give your opinion as to whether one of* 
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the units you give is more convenient than tkc others, and if so, 
why ? 1 

9. Express {a) a millimcitre as a decimal of a ccjntimetre, {h) as a 
decimal of a decimetre. 

10. What fraction is {a) 1 millimetre of 1 inch, (h) 1 decimetre of 
1 foot, (r) 1 centimetre of 1 inch ? 

11. If 25 millimetres are equal to one inch, how many sq. milli- 
metres make I sq. inch ? 



CHAPTER III 

UNITS OF TIME. 

9. UNITS OF TIME. 

i A pendulum. —Attach a weight to the end of a cord. Fix the 
cord in sncli a way that the pendiihini can oscillate freely. Set 
it oscillating, and notice how long it takes for the pendulum to 
complete a given number, say twelve, swings. Keeping the cord 
exactly the same length, attach a heavier weight and repeat the 
experiment. The time of swing remains unaltered. Keeping any 
one weight, observe the time taken to complete twelve swings 
when the length of the cord is varied. It will be seen that the 
time of swing varies with the length of the cord. Notice also tliat 
it does not matter whether the pendulum makes a wide oscillation 
or a v(U‘y small one, the time taken being the same in each ease. 

ii. The sun-dial. — Fasten a small rod at right angles to a flat 
board. Place the board flat on a table so that the rod is vertical. 
Move a candle in a semicircle above the table, and note the change 
in the angle? made by the shadow of the rod. Compare the 
conditions of the experiment with the measurement of the solar 
day by means of a sun-dial. 

The earth’s rotation. — The apparent daily motion of the 
sun and stars across the sky is a direct consequence of the 
earth’s rotation on its axis. The sun appeal’s to go regularly 
through certain periodic changes of position. It rises, travels 
higher and higher into the sky, reaches its highest position, 
sinks lower and lower, and finally sets. When the sun is at 
its highest altitude on any day it is due south, and is said to 
south or be southing. The interval of time between the sun’s 
reaching its highest position on any one day and its corre- 
sponding position on the next succeeding day is an apparent 
solar day. These apparent solar days vaiy in length throughout 
the year. 

L.S. I. 
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Mean solar day. — As tbr hMigth of cIm^h iikvishkmI by the 
sun vMi'ios tlirou^Jioiit tlie yeai*, no single (>Ji(‘ of flKse cLiys will 
do for a ('onvenienL sttind.uxl of time lint if tlie lengths (»f nil 
the (Liys in the yt*ar bo added togetlier, or tlio length of a \eiii' 
ine.isiired by the sun bo divided by the number of days in tlie 
yeai, wo obl.iin .iii inteival of time A\huh is always tlie same. 
Snell a day, nnIirIi is of eoiirse an nnaginaiy ])ei lod of time, is 
called a mean solar day. Sometimes tlie mean solai d»iy is 
longer tha'n the solar day, soinctim(‘s it is slioitei, and oeca- 
sion.illy both d.iy^ are of <*\a< tly the same length Solar time 
IS known .is apparent time, and (dock tinu' as mean time 

Sidereal day.- -Just as in the ease of the snn so with all th(^ 
stais , tlioy use, sontli, and s(*t l>iit wlu'rcsis witli the snn the 
inttM’val betw(‘en t'vo sneeessivi* sonthings \,iiies thionghont 
tho yeai, it is found that the time which elapscvs between two 
succec'ding southings of a star at ‘iny season of tin* year is 
always the same 'Hiis mt<u\ril eonstitnU^s a star or sidereal 
day. 

Period of rotation of the earth. — As the ajipaKmt motions 
of stais a( loss tlie sky are jirodueed by the rotation of tin* eai tb, 
It will be evident that the (‘vu t time of lotation can be d(‘tei- 
mined by (biding the interv.il wlii< li el.ipst^s between two 
successive letiiriis of any jiaitnailar stai to the saint* point of 
tb(‘ sky. A star may, indeed, bt* legaithsl as a fixed i(‘fei(*nee 
ui.ii k under wdiidi the eaitli turns, so tliat by ob^ei \ mg 
it Ave art. .ibb* to deteriiiiiie the time taktm by the earth to 
spin lound onet» The interval betAveeii tw’o sncet'ssive tiaiisits 
of tlic same star, or, as it is called, a sideieal day, is tlie tiiiu* t)f 
such rtitation 

No mattci whieli star be selected for obst*rvation the interv.il 
is tilt* same, thus showing that tlie e,irtb is a rigitl hotly, and 
that all pails of its snrf.ice have the Scame angular Audocity. 

Units of time. — Tlie sidert'al day, like tin* iiieaii solar day, is 
subdivided into hours, inibutes, anti si*et)nds, but as the lattt3r is 
four minutes Iongt*r tliaii tin* ftinii<*r, tin* units are not of the 
samti v.ilue. We may Uki* eithei tdio mean solar second as the 
unit of time, oi the sidereal second. In the fornnu case tin* unit 
is ftnindetl tni tin* avtuago length of the solar day, and in the. 
latter u])t)ii tin* b*ngtb of the InA^anablt; stai-day, t>r the tiniti of 
rotation of the earth upon its axis. But in either ease tl>o 
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second, tliat is, the nnit of tune, is the 8(5, 400th part of the day 
used. * 

In ])]iysieal nuMsurenients tin* unit f>f time ado])ted is the 
mean solar second, that is, it is foiiiidc'd on tlie average tune 
recpiired by the (*arth to make one e<implete lotation on its .iais 
relatively tr> the sun nmsideicsl as a hxeil point of lefeienec. 

Instruments for measuring time. We iu‘ed only eoneem 
ourselves with the modern contiivances foi measuiing time, 
VIZ , elo<*l\s and wat< lies It \\ ill be suHii lent to legard these as 
instillments for measuring intei\als of time in terms of the 
mean solar day to which attention has lieisi directed In a 
clock the rate is legulated by ni(*ans of the peiiduliiin. The 
chief propeity of whit li is the constant time of oscillation at 
the same pl.ice. 

Tf it were ])ossil»le for the student to peiform the expeiimcnt, 
it would bo found that the time taken foi the pendulum to 
swing backwards and foi wauls \aiies as it is taken from the 
cipi.itor to the poles, on account of the fait that the eaith is not 
exactly sphcriial in shape Oi, ])utting the same fact in another 
way, in oulei that a jjendulum may swing bat kw aids and for- 
w'aids 111 the same interval of time, it is neccssaiy to alter the 
length of the coid in oui expeiiment as w^e tiavcl from the 
eipiatoi tow aids either pole. A pendulinii of such length that 
the dist.inct* from the point of suspension to the ci'iitie of the 
bob is 31) 13b inclii's, swinging at (ti eon with, completes one 
swing 111 a second of time In a ehx k we Ikiag a mechanical 
contrivance for mamtaiiiiiig the swinging of a ])eiidulum. We 
must content oiirseh es with referi mg the readei* to books on 
fistronomv and horology for an account of the construction of 
a clock. In watclios the place of the pendulum is taken by a 
carefully suspended balajxce wheel 


CHIEF POINTS OF CHAPTER III. 

The solar day is tlie interval of time lictwecii tlie sim''s reaching 
its Inghest position on anyone day and its coiiespondiiig position 
on the iii‘\t siieeeediiig day. 

The mean solar day is the ipiotient obtained hy dividing the 
length ot thii year measured hv the sun by the number of days 
m the yeai. Or, it is the aveiage ot the lengths of all tin* solar 
days in the yeai • 
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A star or sidereal day is of constant length. It is the interval of 
time between two succeeding southings of a star at any season of 
the year. 

The period of rotation of the earth.-— As the apparent motions of 
the stars across the sk^' are produced by the rotation of tlie earth, 
the exact time of rotation is determined by ascertaining the length 
of the sidereal day. 

Units of time.— In physical measurements the unit of time adopted 
is the mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on its axis 
relatively to the sun considered as a fixed point of reference. 


QUESTIONS ON CHAPTER III. 

1. What is the dilfcrenco between a solar day and a mean solar 
day ? 

2. Define a sidereal day and explain how it differs from a solar 
day. 

3. What is the common unit of time ? How is it related to the 
period of the earth’s rotation ? 

4. Give a brief description of some mechanism in common use for 
measuring time. 



CHAPTEE IV. 


MOTION ; INERTIA ; FORCE ; NEWTON’S LAWS. 

10. MOTION AND VELOCITY. 

i. Motion. — Place a number of marbles in a tray. Disturb them 
by sliaking the tray, or in any other way : they all acquire motion, 
but move in various directions, and at diflerent rates. 

ii. Speed. — Shoot a marble along a table, or let it run round the rim 
of a tray. The marble travels with a certain speed or rate of motion, 
and it may be given this speed in any direction. 

iU. Velocity.— Bowl a marble along a table in a definite direction, 
and observe as nearly as possible the number of seconds taken to 
perform the journey. The distance in feet thus traversed, divided 
by the number of seconds occupied in traversing it, gives the average 
rate of motion in feet per second. The velocity of a body is its rate 
of motion in a definite direction. 

iv. Uniform velocity.— Make several lines crosswise on a long table 
at a distance of one foot apart. Push a cylinder or marble along 
the table at such a rate that the length from one line to the next is 
traversed in one second. The velocity of the object is thus one foot 
per second and is uniform during the movement. 

V. Variable velocity.— Shoot a marble or roll a cylinder along the 
table with the marks upon it, and notice the numl)er of seconds 
taken in passing from the first to the last mark. In this case the 
same total distance is traversed as before, Init the velocity is varialde, 
that is, the body does not move through equal spaces in equal 
times throughout its movement as it is gradually coming to rest. If 
a length of 8 feet is traversed in 4 seconds, what is the average 
velocity ? 

vt Graphic representation of velocity.— (a) Taking a line an inch 
long to represent a velocity of one foot per second, draw lines 
representing velocities of SJ, 2J, 4, and IJ feet per second, making 
the lengths of the lines proportional to the rates of motion. 

(ft) Draw a line to represent the velocity of a river flowing at the 
rate of 2 miles an hour. {Suppose a man who can row 6 miles an 

37 
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hour 111 still water to he rowing in this riviir. Draw lines to repre- 
sent Ins \eloeity with releienee to the hank \/hen lowing (1) with 
the stream, (2) against the stteani. 

(c) I )raw^ a large ei rele iipi in a sheet of paper. 1 )raw two dianie tors 

at light angles to each 
olhei, as in Fig. 22 
Taking \ iiieh to repie- 
si'iit a \el()eity of 1 toot 
pet second, .iiid stalling 
trom the centie of the 
ciicle, lepieseiit by 
giaphic construction the 
path of a l)ody moving 
with the tollovving velo- 
citu's • 2 fiH't })er sec. 

N. E. ; 2 teet jun sec. N. ; 
3 fc'et per si'c. W. ; 4 feet 
pc'i* sec. S IC. 

vii. Combination of two 
velocities. IMace a wide 
glass tube along a table 
lUNir one edge. Lt‘t a 
inaible loll through tho 
tulx*, and as it does so 
loll the tub(‘ .leross the 
table. Suppose a sc'eoiid is taken tor the tube to nu)\e tioin its first 
to its last position, then tlie positions ot the m.uhle at nitei vals ot .i 
tenth ot a s(‘eoiid , in* shown m Fig 23. I’lie m.iible enters .it A and 
emerges at J) ; tho distance it has travi*lled m tlu* direotion of tho 
length of the table is tlieietore lepresentLd by A H I’he distance 




A B 

Fia. 23.— To illii^tiate the cornlmiathin of two vclnoities, and the 
principle of tho x>aialle1ogniiii of vuloeitie*^ 

it has travelled across the table is in the same way lepn'seiited by 
A(J. Construct a parallelogram CAB/) wnih lines proportional to 
CA and A B as sidt's. The diagonal .4 represents the path actually 
traversed hy the marble. 

Definition of motion. — The word motion is meant to convey 
the idea of change of place. 'L'he simplest forms of motion are 




MOTION, TNKllTIA, FORCE 


39 


changes in the positions ()f bodies with regard to one another. 
The change of position may take place slowly or quickly, tliat 
IS, motion may be fast or slow. The rate at whicli a bf>dy 
moves is called its speed. A ship may have ,i speed of twenty 
knots (/>. in.iy change its ^losilion at the rate of twent\ nautical 
miles in an lioiir). A runnel ni.iy uiaintain a speed of ten miles 
])er hour. In these statements the direction of the motion has 
not been considoied 

When a boy runs down the street he is in motion ; as regal ds 
the houses and lam])-pos(s he moves To dcsciibe fully the 
boy’s motion it would Im.^ necessary to know his velocity, that 
is, the rate with whicli he travels, and the direction in which he 
is moving, oi the line along which runs. If during e\ery 
second through which he moves he ti.ivcls ovci a lino of five 
yaids 111 length, he has a uniform vidocity of live yards a second. 

Hut sup]H>se ho docs not move regularly over five yards in 
every second ; he sometimes (huvdles, sometimes stops to hiok 
at a shop, at other times he puls on a spurt tc> make up for lost 
time IIow’ should w^c deserdx* Ids motion now^^ ? !lis rate 
varies from time to time, or liis velocity is variable, and to 
describe siicli a vaiiablo \elocity it is usual to speak of the 
velocity at any instant as being a eertain number of yards j)er 
second. Suppose tbe boy moving with a variable velocity had 
at a given instant a velocity of eight yards ])er secf>nd. If he 
continued to move at tlu^ same rate he would travel over eight 
yards in the succeeding second. 

Average velocity- Rut it is sometimes better to find the 
average velocity of the moving ImkIv. Kctiii*ning to the boy, 
suppose bo ti . i veiled 800 yards in 100 seconds , if w^e, divide the 
first number by tlie second w^e obtain tlie boy’s average rate, 
namely, tw’^o yards in a second , this, then, is tlie rate with 
whicli he would have had to travel, if he moved uniformly, in 
order to complete his journey in the same time. 

The unit of velocity is generally taken as being a velocity of 
one foot per second. Thus a velocity of six means a velocity of 
SIX feet per second. 

Measurement of uniform linear velocity.— It is a siinjilc 
matter to calculate the velocity of a body moving uniformly in 
a straight lino when the distance it has travelled, measured in 
units of length, and the time it has taken to perform tbe 
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journey, measured in units of time, are known. All that has to 

be done to find its uniform velocity is to divide the number of 

units of length passed over by the number of units of time 

taken to complete the distance. Thus : 

tt -i? 1 space traversed 

Uniform velocity— ^ , 

'' time taken 


Velocities can he completely represented hy straight 
lines. — To determine a velocity completely, all we want to 
know are its magnitude (or the distance travelled in a given 
time) and its direction. But, as is well known, a straight lino 
can be drawn of any length in any direction; and \^e can 
arrange that its length shall contain as many inches or feet, 
whichever is more (jonvenient, as there are feet or yards per 
second of velocity, depending on the way in which it is decided 
to measure the velocities. Velocities can therefore be completely 
represented by straight lines. 

Composition of velocities. — Think of the (lase in Experiment 
10 vii , of a marble moving along a tube with a uniform velocity, 
when the tube itself is all the time being unifoimly moved 
across a table. It is evident that since the rnaible is in the 
tube it must have die same velocity across the table that the 
tube has ; and at the same time it moves along the tube, that 
is, in a direction at right angles to its former velocity. It has 
two independent velocities. Similarly, wo can think of a ship 
sailing across the ocean with a man on deck walking from one 
side of the ship to the other. The man has two velocities. He 
is moving onwards with the ship at a certain velocity, and at 
the same time he is moving across the ship with another 
velocity. 

But yet a body can only move at any instant in one direction 
with one definite velocity. How, then, shall we find the actual 
velocity at any instant in the case of the marble or of the man V 
The velocity which we want to find is called the resultant of the 
two independent velocities, which are themselves spoken of as 
components. If the two velocities liave the same direction, all 
we have to do is to add them to obtain the resultant, or if they 
are in opposite directions along the same straight line we 
subtract tliem. 

If they have directions which make an angle with one 
another, it is clear that the resultant must be somewhere 
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between the comj^onents Referring to the case of the marble, 
let OA (F^g 24) represent by its length the number of inch ^ 
the marble moves along the tube-^^ 
in a second, and OB the distance 
moved by the tube and conse 
quently by the marble in the same 
time across the table Draw BR 
parallel to OA and AR parallel to ^ 

OB. thus completing the parallelo ^ , 

gram then the line OR represents cities. i 

the resultant velocity, both in ^ 




magnitude and direction In just thh same way OA could 
stand for the ships velocity and OB for the man’s, then OR 


would represent the direction and magnitude of the man’s 
actuil velocity with reference to the sea This principle is 
called the Parallelogram of Velocities. 


11 ACCELERATION 

1 An instanoe of accelerated velocity —Obtain a smooth board 
about six feet long having a slight groove cut in it from one end to 
the other (Fig 25) Incline the lioard slightly at one end Place a 
marble or other small sphere near the raised end and let it roll down 
the board Notice that as it moves its velocity moreases To show 



Fio 26 —A grooved board for ex^rlments to illustrate acceleration 

that the space traversed increases every second fit up a seconds 
pendulum ^and set it in motion Let the bob of the pendulum stnke 
against a sheet of paper or some other light object at the end of each 
swing so that you can hear when the seconds commence Now 
start the marble from a mark upon the board exactly when the 
pendulum taps the paper on one side Notice hov far the ms^ble 
has rolled by the time the pendulum taps the piper on the other 
side Make a mark at the place reached and do the same for 
succeeding seconds until the marble rolls off the board Measure 
the length of board traversed by the marble m each second The 
distances will be found to increase m proceeding down the board 
from the starting place 

I A secrmfis pendulum can be made by auaMuding from the ring of a retort 
stand, abuliet by a string 89 U inohea in length. 



‘12 


LESSONS IN SdENCE 


Meaning of acceleration. — An cxpicss tijiin startini^ from 
a toi’iuinus bci^iim to move slowly, and, as the journey jnoceeds, 
the i.ite of motion goes on iiiei easing until the tiMin gi‘ts its full 
speed. A stone let tall fioin a height snuilaily staits from rest, 
and as it moves it travels fastei and faster until lirought to a 
standstill again on leaeliing tlie ground Oi, imagine a evelist 
staiting for a ride, and legnlailv im*i easing his speed until lie 
could not go any faster. In all these e\am[»les the velocity 
of the moxing body has jx'rioduMlly increased, and the late at 
which the. change* has tiken ])lacc is spoken of as acceleration. 

Acceleration is the rate of change of velocity, - Jhit ac- 
celeiation may ho of an o])posito kind to the instances given 
above Tlevorsc} each of tlie c*\amples and c-onsidei* wdiat 
liappc'iis. All expH'.^s tiaiii going at full spes'd approaches a 
station and its velocity is Ti‘gularly diminislusl until it is 
hi’oiight to rest at the ]ilatfoim. A stone is tin own njivvards 
w'lth a certain velocity, it moves more* slow ly and more slowdy 
until it comes to rest, and then staits hilling A cyc’hst 
travelling at full speed sUmkens his rate rcgulaily until ho 
comes to a standstill. In all these case's wc* liave examples of 
an acceleration of an c'xactl}’' ojipositc kmd to tlie previcms 
instances, hut yet an acc*eleiation In ordinary language this 
kind of accvleiation is given a name ol its ow'ii, vi/ retardation 

Acc'eleiations, like* velocities, can be. lepiescnlcd gi ajiliic ,illy 
by stiaiglit lines. 


12. INERTIA. 

i. A mass at rest tends to remain so riacc* .i hc>avv mass ujion 

a tioll(*v resting upon a 
levc‘1 tahli* Alt.ic'li a 
picec* ot thill csotton oi 
tliiead to tlie tiollev. 
Attempt to moNc* tiu* 
tiollev hv shaipl} pull- 
ing the tin (‘ad, winch 
will ])i(>hai)Iy bleak. 
The tiolley can, how- 
evc'r, easily he movc'd 
il the* pulling h)rcc is 
ajiplic'd giadually. 

ii A moving mass requires force to stop it —Fix one* (*nc*l of the) 
till cad attac;hc‘d to the loaded tiolley and let the* iliiead hang 
loosely between the tioll<*y and the fixed jiomt Set the tiolley 



Fic. -Exi« innont to illustrate the tcTidoiicy of 
a iMiily to ricsiuvr its state of k st o» motion. 
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ill motion aw.vy from the fix(‘(l point. '^I'he forc*e ot tlio tciulfMiey 
ot the mass to keep in motion will xnohahly he sulHeient to hieak 
the thie.ul* 

The force of gravitation. — Experiments aiul observations 
made by Newton led him to the eoii<*liision that it was tin* rule 
of nature for c\eiy mateiial objeet to attract e\er\ other object, 
and that this fone of atti action is jnoport unial t() tlie masses of 
the bodies ; a larLte mass exerts a oreatei fou e of atti.n tioii than 
a small mass. Hut thefarthm* th<‘se bodies are ajiait the less is 
the attraction lietween them, thoni^h it i.s not less in the propoi- 
tion of this distance, but in that ol th(‘ sipiare of tlie distance. 
This diminution of a. for< e aceoiding to the inv(*rse propoilion 
of the sipiare of the. distame ap])lies to so many cases that it 
oiit(ht to he understood cle.ii’ly hefoie jiroceedinn Suppose two 
bodies of cipicd mass am one foot av.iy fiom one another and 
attract ea,ch oUier with a eeitain ton e If the distance between 
the masses is doubled, the stHun^tb of the attraction between 
them is only oiie-ijuaiter of what it was ; tor the sijiuire of 2 is 
2 X 2=4 and the iiivoise of I is J-. In the same w'ay, if the bodies 
arc placed three feet ap.irt, the foue of at ti action is of the 
original foice. 

Newton’s law of gniMtation may be e\])ressed thus; Every 
body in nature attracts every other body with a force directly pro- 
portional to the product of their masses and inversely proportional 
to the square of the distance between the bodies ; and the direction 
of the force is in the line joining- the centres of the bodies. 

(bnaidor the case <if a (iickethall on the top of a house. The 
earth attracts the hall, and, by New’ton’s knv, the ball attracts 
the earth. The ball, if free to move, falls to the eaith ; to be 
correct, however, wo must think of the hall and the earth 
moving to meet one another along the line joining their centres. 
But the ball moves as mucli faither than the eaith as the earth’s 
mass is greater than that of the ball ; and for practical purposes 
this is the same as saving that only the ball moves and that 
the earth remains still. 

This force of attiuotion betw'een all mateiial bodies is called 
the force of gravitation, but t.his is merely giving tlie foice a 
name. Calling this force “gravitation,” and tlie rule according 
to w'hich it acts tlie “ law of gravitation,” does not teach any- 
thing about the nature of the force itself. 
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The attraction of gravity. — Beating m mincl that weight is 
rcalJy a moasure of the attraction between an object and the 
earth (p. 59), it will be clear from Newton’s law of gravitation 
that since a thing up in a balloon is farther away from the 
eai’th (which acts exactly as if its whole mass were collected at 
its centre) than when at the sea-level, the weight of this thing 
ought to be less than it is at the sea-level. This is found to be 
the case, but, actually to demonstrate the diffeiencc in weight, 
tlie weight must be ineasiu*ed by a spring balance as in Experi- 
ment 15i{c). 

Similarly, because the earth is not a perfect sphere, but is 
flattened at the poles, points at the surface of the earth in the 
region of the tropics are at a greater distance fiom the centre 
than points similarly situated in the neighbourhood of the poles. 
Ooiisequently, the weight of a mass situated on the earth in the 
tropics should be less than tlie weight it would have if it were 
moved into the polar regions. This has been found to be the 
case. 

The rotation of the earth is another disturbing influence. 
While places on the ciiuatoi arc carried round with a velocity 
of over a thousand miles an hour, those near the poles have but 
a very small velocity of rotation, while the pole itself is at rest. 
It is clear that if we consider a nia«s at the equator its tendency 
is to obey the first law of motion (j). 45) and to fly olf at a 
tangent, and part of the force of gravitation is e.xpended in pre- 
venting this flight — the remainder of the force of gravity is 
operative as the weight of the mass under consideration At 
tlie pole there is no tendency to move off tangentially, and 
the whole of the force of gravitation is felt as the weight of 
the body. F'or this reason alone the mass would weigh less at 
the equator. 

Inertia. — Common experience tells everyone that things do 
not move of themselves. An object at rest remains at rest until 
it is forced to move. Moreover, if it is moving it tends to go on 
moving in the same direction and with the same velocity until 
made to change by the application of force. In a word, dead 
matter is helpless and conservative. It does nothing by itself, 
and objects to alter its condition whatever that condition ni.xy 
be. The inabilty shown by a material body to change by itself its 
condition of rest or of uniform motion in a straight line is called its 
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inertia. It is exemplified when a cyclist is stopped suddenly, 
foi* the tendency to continue moving is so great that the cyclist, 
if he IS travelling quickly, is shot over the handle-har of his 
machine. This law of inertia is often spoken of as Newton’s 
First Law of Motion. 

First law of motion.— Every object remains at rest or moves 
with uniform velocity in a straight Ime until compelled by force to 
act otherwise. 

This law, which Newton first stated as being always obeyed 
by bodies in nature, means, first, that if a body is at rest, it will 
remain at rest until there is some reason for its moving — until 
some outside influence, which is called a force, acts upon it In 
fact, the law really supplies us with a definition of force. 
Nobody finds any difficulty in understanding the rule so far 
But it IS not so easy to see the meaning of the words referring 
to uniform motion in a straiglit line. An example will make 
this clear. Consider a ball moving uniformly along ice. After 
a time the ball comes to rest, and therefore it does not continue 
in a state of uniform motion. But it moves for a longer time 
on ice than it would do on a road. The ice is smoother than the 
road, and there is a connection between the roughness or smooth- 
ness and the length of time during which the ball moves If the 
ice could be made smoother and smoother, the ball would move 
for a longer and longer time, and if both the ball and the ice 
were perfectly smooth, theie is no reason why the ball should 
ever stop. The roughness or friction lepiesents, then, the force 
which causes the ball to change its state of uniform motion 
for one of rest. If a body in a state of uniform motion could 
be placed outside the influence of what Newton called 
“ impressed forces ” it would afford us an example of pei'petuod 
motion. But because these impressed forces cannot be eliminated 
perpetual motion is impossible. 

Definition of force. — Newton’s first law, then, enables force 
to be defined. Force is that which produces, or tends to produce, 
motion in matter ; or alters, or tends to alter, the existing motion 
of matter. It must, however, be understood clearly that by 
defining force we do not get to know anything more about it. 
Nobody can tell what force is ; all we can know are the effects 
produced by it 
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13. MOMENTUM. 

i. Collision of equal masses. — Suspend two solid balls of equal mass 
by the «ido of one another, so that t)iey just touch when at lest. 
place a metre* rule on eilsjje (in the tabh* under the balls (Eig. 27) 
Notice the positions of the balls, and then pull each ball to an ccjual 

distance? from the place 
wheie the balls rest, by 
means of thieads held in 
the two liaiids Kelt*as(* 
the two threads at the 
same instant. The halls 
will collide, and if they 
aie of equal mass they 
will U“hound by equal 
ainoiints 

31 . Momentum after colli- 
sion. — Substitute a ball of 
miu h smallei nias.s for one 
ot the liallb 111 the preced- 
ing experiinent. fVill the 
tuo halls away tioni tiie 

Fio 27 —ApiuiatuH to illusti.ite momoutum Jiosition ot rest, so tluit 
and iiiiiuct tlio sui faces w'hich touch 

one aiiothei are at (‘qual 
distances fiom this position. Then release the balls .simnltaneoiisly 
and ob8(*rve thi* rebound Tin* two balls wf'u* at ejpial distances 
from their position of re.st and aie suspeiuhsl fi^mi stiiiigs of equal 
length; therohjre tlieir velo( i ties when llu'v meet aie (‘qual. The 
smaller mass has less nioiiKuitum th.iu the laigei licforo tlie two 
meet, but the momentum after collision is the same tor each mass; 
thorefoi'o the .small mass is given a velocity of reliouiid as m.iiiy 
times greater than tho velocity of the laige mass as this mass is 
greater than the smaller one. 

Meaning of momentum, —The momentum of a body ia 
equal to tbe product of the mass and the velocity. Expressed 
as «an equation we have 

Momentum = mass x velocity. 

The unit of momentum is consequently that of a unit of mass 
moving with a unit of velocity, or, if the unit ma.ss be tliat of tbe 
imperial standard pound, the unit of momentum is the quantity 
of motion in a mass of one pound moving with a velocity of one 
foot per second. 

Unit of force. — A definition of the unit of force may now be 
given. It has been explained that force i.s the name given to 
the something whicli is able to set a body at rest in motion or 
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to change the inotio<i of a moving liocly A unit force acting for 
the unit of time is able to produce a unit of velocity in a unit of 
mass ; or a umt of force produces a unit of acceleration in a unit of 
mass. iJiit, sinoo tlie product of a mass and its velocity is sjioken 
of as the moiiientnm of the hody, we can measure foice by the 
momentum it generates. The unit foice gives i ise to the unit 
of momentum. 


Change of momentum is proprirtional to the acting force. Tlie 
force winch will produce a velocity of one foot pei second in a 
mass of twenty pounds will jnodine a vchx ity of t^o feet per 
second in a mass of ten pounds, and a velocity of t\M‘nty feet 
pe)r seiond in a mass of one pound, aeting in eaeh east* for the 
same time. ()i to e\])ioss these facts concisely in an expiation : 
force which acts thcl)od> ^ change of \eloci t v pioduced 


acted on 


nnisH of the liody , 

= acte .1 on 


111 a unit of time 
ition 


Newton’s second law of motion.— change of motion is pro- 
portional to the impressed force, and takes place in the direction in 
which that force acts 

This law sjieaks of “ihange of motion,'’ ami by motion is 
iiiuhTstood momentum or ipiantity of imdion Tt states that 
the momentum geneiated by a foiee of two units Mill be twice 
as great as that |)iodu'*cd by one unit; and furtlier it implies 
that a force of om* unit acting for tMo seconds Mill produce 
twice the nioniciitum mIucIi it Mould do if it only acted foi one 
second. This is whv it is ncxessary in deliniiig the unit of force 
to introduce tlie Moids “acting foi the unit of time” The 
change of motion spoken of in the Ihm' must tlierofore be under- 
stood to mean that produced in a unit of time, or the rate of 
change of motion or momentum Ilut mc knoM^ that the 
momentum of a body is the product of the iiia.^s of the body 
into the velocity, and since tlie mass remains constant, the rate 
of change of momentum must be the jiroduet of the mass and 
the rate of change of velocity, M’hicli is, as m'c liave seen, the 
acceleration. Htuiee M’c come to the very important fact that 
the number of units of force in any force is equal to the product 
of the number of units of mass in any body on which it may act, 
and the number of units of acceleration produced in that mass hy 
the force in question. • 
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Newton’s third law of motion. - ActiDn and reaction are 
equal and opposite ; or the mutual actions of two bodies on one 
another are always equal and in opposite directions. 

This law can })e exemplified in a variety of ways. if you 
press upon the table with your hand with a certain force, the 
law asserts that your hand is pressed by the table with an equal 
force in the opposite direction. We say in common language 
simply that the table offer-s resistance. Sirnilaiiy, if you hold 
a mass of a pound on the palm of your outsti'ctched hand it 
presses your hand downwards with a force which we have learnt 
to call its weight ; your hand presses the weight upwards with 
a force of exactly the same amount. If the scrimmage at Rugby 
football does not move, it is clear that the opposing “forwards” 
are pressing one another with ecjual forces in opposite directions, 
and it is easy to umlerstand in this case tliat the action and reac- 
tion are equal and opposite. Every force, then, is one of a pair of 
forces, the second being tlie reaction to which it gives rise. Such 
a pair of forces is called a stress. 

14. PARALLELOGEAM OF FORCES. 

i. Relation between tension and extension. — 

Clamp a thin indiarubber cord with a tray sus- 
ended from the lower end, and arrange a wire 
y its side as in Eig. 28. Stick a pin through 
the cord opposite the end of tJie wire. Idace 
10 grams in the tray and rneasur’c the elongation 
produced hy it — that is, measure the distance 
oetween the pin and the l)ottom of the wire. 

Place another 10 grams in the tray and again 
notice the extension produced. By subtracting 
this reading from the former one, you can find 
the extra extension produced hy the additional 
10 grams. In the same way find the extension 
pnxluced by 30 grams, 40 grams, and so on, up 
to KX) grams, also determining in each case 
the extension for the additional 10 grams. 

ii. Representation of forces by lines. — Draw 

vertical lines to represent the extensions pro- 
duced by the various loads, and also lines to _ — Fx eri 

represent the extension for every additional meat* to 

10 grams. As the loads represent forces, the extensioas* produced 
lines will represent the extension produced by different forces, 
various forces. You will find that the exten- 
sions are proportional . to the forces — that is, double the force 
double the extension, and so on. The strength or mag^iitude of 
a force can thus he shown by the length of a line. 
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iii. Parallelogrram ofaforces. — Tlic following experiments illustrate 
how the dhrecHons as well as the nmgmtudoi of forces can be repie- 
sented by lines.* 

(a) To the middle of a piece of elastic cord about 6 inches 
long fasten a piece of the same cowl about three inches in length. 
Fiom the point where the three cords meet measure off an equal 
distance, say two inches, and put a pm tlirougli each cord at this 
distance. 

Fasten the pm at eacli end of the six-mch piece of cord ujKm a 
sheet of paper lying flat upon a drawing lioaid or table. The cord 
should he m a stiaight line between the inns, but it must not 
be stretched. Now pull the tjiird cord in any direction so as 
O to stictch the others as 




well as itself, and fasten 
its pm m the board wdiile 
the cords are thus stretched 
(Fig. 29). Make a pm 
mark upon the paper at 
the point whcie the coids 
meet, and then pull the 
pins out of the paper and 
put them and the cords 
aside. Pm -holes will be 
marked at A BCD m Fig. 
29. Mark off from each 
of the lines, starting from 
Af By and D respectively, 
the original length, that 
is, 2 inches, measured on 


each cord. The additional 


Ficj 29. — A tin cc- way eld'^tic cord, used to lengths EC, FC, and GC 
illustrate the principle of the iiaiallelogram thus represent the amounts 
of forces. which tho cords have 

stretched. 

{h) Construct the parallelogram ECFII by drawing EH and FH 
parallel to CF and EC respectively. Draw the diagonal GH ; it 
will found to have the same length and Iks m tho same line as CG. 
Assuming that the extensions are proportional to the forces (and 
they practically are so m this case), the two sides EC, CF of the 

S arallologram represent two of the forces both in magnitude and 
irection, and the third force, which is equivalent to the other two 
taken together, is represented on the same scale by the diagonal of 
the parallelogram. 

(c) Repeat the ex^riment with tho cords stretched by different 
amounts and in different directions. Construct a parallelogram 
similar to EGFH for each case. 

When the cords arc arranged in any position they represent three 
forces acting upon the particle G. Since G is at rest, tho force 
represented by CG produces the same effect as the two forces repre- 
sented by GE, OF, taken together. If, therefore, a force equal in 
magnitude to CO, and acting in the direction CH, is substituted for 


T^S. I. 


D 
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OJSf, GFi the particle still remains at rest. The diagonal GH repre- 
sents such a force both in magnitude and direction. 

A single force which can be substituted for two separate forces 
in this way is termed a reaiJUnit force. 

Graphic representation of forces.— Every force has a 
certain strength or iiiagnitude, and acts in a certain direc- 
tion. It is, therefore, possible to represent a force completely 
by a line, the length of which is made proportional to the 
magnitude of the force, and the direction of which represents 
the direction in which the force 
IS exerted. Jf the length of an 
inch is taken to i-epresent a unit 
force, then a force of 5 units 
would be reiH'esentcd by a lure 

5 inches long, and two forces of 

6 and 3 units acting together in 

the same direction would be 

represented by a line 8 inches 

long. If, however, a body were 

acted upon by a force of 5 units 

in one direction, and 3 units in 

the opposite direction, then the 

elfect would be that of a force 

of 2 units acting in the direc- ' 

tion of the force of 5 units ; 

for 3 of the units of this force ^*7 so — The i»ai’allel(jgram of forces 
, - , - - . can be illubtiatca by coiiiiuctini' two 

would be rendered inoperative weights /* and q with a cord pa^^sing 
by the three units acting m the 
opposite direction. 

Parallelogram of forces. —A body can only move in one 
direction at any given instant, though it may be acted upon 
by any number of forces. Each force acts witli a certain 
strength and in a certain direction, and, in consequence of 
their joint action, the body moves with a certain velocity, 
if it is free to do so. The same velocity could be given to 
the body by a single force instead of the separate forces, and 
the single force which would produce tlie same effect as the 
separate forces is called the resultant of the forces. When two 
forces act upon a body at the same time, their resultant can 
usually be found by means of the parallelogram of forces, 
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which may be expressed thus If two forces actinsr at a iK^t be 
represented in tmagnitude and direction by the adjacent sides of a 
parallelogram the resultant of these two forces wlU be repre- 
sented in magnitude and direction by that diagonal of the 
parallelogram which passes through this point 
Let 0 represent a material body acted upon by two forces, 
represented both in magnitude and direction by the lines 0-6, 
OA To find the resultant of these two forces, both as regards 
its amount and direction complete the parallelogram OBRA and 
join OR, which will be the resultant required (Fig 31) 
Calculation of resultant — When the two forces of which 
the resultant is required act at right angles to one another, the 


calculation is a simple a^ication of a proposition m the first 
y ^book of Euclid (I 47) In these 

circumstances the triangle ORA is 
right-angled, and Euclid proves that 
iOAy + (A Ry = {ORy, and conse 
jquently (OAy^{OBy=^{ORy, from 
which when OA and OB are known 


Fio 81 -Graphic representa we can calculate OR 

the parallelogram of directions of the tWO 

forces OB and OA are inclined to 


each other at an angle which is not a right angle, the calcula 
tion involves an elementary knowledge of trigonometry This 
can be obviated, however, by the simple expedient of what 
is called the graphical method This consists in drawing two 
lines inclined at the angle at which the directions of the forces 


are inclined, and making them of such lengths that they contam 
as many units of length as the forces do units of force (Ftg 31). 
The parallelogram is then completed by drawing AR ai^ BR 
parallel respectively to OB and OA and joining the diagonal 
OR, the direction of which will be that of the resultant, and its 


length will be as many units as there are units of force in the 
resultant force It is immaterial what lengths are used to 
represent the units of force so long as the components end 
xpsultant are measured in the same units 


B^solution of forces —A single force can be re|^BC6d by 
other forces which will together produce the same effect. Sudh 
a substitution is called resolving the force, or a reSQ|iitj{<m of the 
force The parts into which it is r^olved are spoken of $m 
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components. When this has been done it* is clear that we have 
made the original force become the resultant or certain other 
forces which have replaced it. Referring back to what has 
been said about the parallelogram of forces, it will be seen that 
any single force can have any two components in any directions 
we like ; for by trying, the student will be able to make any 
straight line become the diagonal of any number of dillerent paral- 
lelograms. The most convenient con)ponents into which a force 
can be resolved are 
those the directions of 
which are at right 
angles to each other. 

In this method of re- 
solution, neither com- 
ponent has an}^ part in 
the other. 

A kite at rest in the 
air affords an example 
of the principle of the 
parallelogram of forces 
(Fig. 32). There are 
two downward forces — one represented by AB^ due to the 
weight of the kite, and the other represented by AD^ due to 
the pull of the string. The pressure of the air on the face of 
the kite can be resolved into two forces, one acting along the 
face and the other at right angles to it. The latter force is an 
upward one, and if the kite is at rest it is equal to the resultant 
A (7 of the two downward forces. If it is greater than the 
resultant Af7, the kite rises ; if it is less, the kite falls. 
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CHIEF POINTS OF CHAPTER IV. 

Jr r' 

' / Motio n IS chaii^>o oi place. /S^ecZ is ra6i of motion in any 3irec- 
, tionT 


VelQcity IS the rate of motHm in a given direction When a 
body's velocity is uniform it niov<‘s over equal distances in every 
second, when it is variable unequal distances are moved over in 
* equal times. 


Uniform velocity — 


No. of units of length travt'lled 
No of units of time taken 


The unit of velocity is genc‘iallv takin as being a velocity of one 
foot per second. Velocities can lie completely represented by 
straight lines. The resultant of two vclocitii‘s can be detei mined 
by the paralldoffram oj' reloeUiea, 

Acceleration is the late of change of velocity. In measuring 
uniform accelerations it must be known what addition to, oi subtrac- 
tion from, the velocity of the moving body there has been during 
each second of its jouiney. 

The unit of acceleration is an niciease of the unit velocity in a unit 
of time. It is generally taken as equal to an increase of velocity of 
one foot per second for each second. • 

Force IS that which changes, or tends to change, a liody's state of 
rest or motion. Forces may be completely represented, both in 
magnitude and direction, by straight lines. 

The momentum of a borly is the quantity of motion it has, and is 
equal to the prodiujt of its nuiss and its velocity. The total 
momentum of several moving masses is un.iltcred by impact. 

A unit of force acting for a unit of time is able to pioduce a unit 
of velocit 3 '^ 111 a unit of m.ass. 

The force of gravitation. — Every particle in nature attracts every 
other particle with a force which is directly proportional to the 
product of the masses of the particles and inversely proportional to 
the square of the distance between them. 


Gravitational attraction = 


mass X mass 

square of distance between masses 


Newtons laws. — (1) A body once set in motion and acted upon 
by no tori’e will move forward in a straight line foi evei. 

(2) If a moving body lie acted upon oy any foice, its deviation 
from the motion defined in the first law will be in the direction of 


the acting Jorce and proportional to it. 

(3) Action and reaction are equal and in opposite directions. . ^ 

Parallelogram of forces.— If two forces acting upon a point' are 
represented in magnitude and dii*ectioii by the adjacent sides of a 
parallelogram, their lesultant is represented in magnitude and 
direction by the diagonal which passes through that point. 

Resolution of forces. — A single force can lie rcplac-ed by other 
forces which will together produce the same effect. Such a substi- 
tution is called reviving the force, and the parts into which it is 
resolved are called components. 
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EXERCISES ON CHAPTER IV. 

1. What IS the difference between uniform and rm^iahle velocities ? 
How are uniform linear velocities measured ? 

2. Explain how the average velocity of a body moving with a vari- 
able velocity IS estimated 

.3. A line is drawn upon ilie floor of a railway cai riage fi om door 
to door. When the carnage is at rest a ball is diopped from the 
roof and falls upon this line. Wliat diflereiice would be observed : 

{a) If the train is moving when the ball is dropped 

(h) If the train starts wh(‘n the liall is half way down’ 

{c) If the ball is dropped wlien the train is in motion, but the 
tram stops suddenly when it is halt way down ? 

4. Define acceleration and give an example ot a body moving with 
an accelerated velocity. 

5. How is uniform acceleration measured ’ Explain tlie difference 
between a positive and negative acceleration, giving an example 
of each. 

6 Describe an cxperimi'iit for demonstrating the principle of the 
parallelogram of forces to a class. 

A nail IS driven into a wall and two strings are tic*d to its head. 
When the two strings arc pulled horizontally and at right angles to 
one another ’with foices equal to 6 and 8 lbs. respectively, the nail 
IS dislodged What force would be needed if the stiings were 
brought together and the nail pulled straight out? Illustrate your 
answer with a diagram. 

7. Explain what is meant by the inertia of a mateiial body, (live 
as many of the results of the possession of this propcity by a 
mateiial body as you can. 

8. The horizontal and vertical eompoiK'nts of a certain force are 
equal to the weiglits of 60 lbs. and 144 ll)s. respectively. What is 
the magnitude of the force ? 

9. IVo spring balances arc attached by strings to a ring which 
is placed round a nail driven into tlie table, and tlie Mances are 
stretched in directions at right angles to one another till one indi- 
cates a pull of 16 lbs. and the other of 9 lbs. Draw a figure showing 
the direction and magnitude* of a single force which would produce 
the same pressure on the nail as do the two forces due to the pulls 
of the balances. 

How would you prove experimentally the correctness of your 
result ? 

10. State the “parallelogram of forces.” You are provided with 
three small spring balances (sometimes called “ dynamometers ”), a 
blackboard, chalk, string, etc. ; how can you verify the proposition? 

1 1. A weight which is hung by means of a piece of elastic from a 
nail in the ceiling is palled some way to one side by a thread which 
IS always kept liorizontal. Explain why this operation will increase 
the stretching of the elastic. Illustrate your answer by a diagram. 
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12. As a ti'aiii dra\i% up at a station on a rainy day. water flows 
from tlie roofs^of tho carriages by their front ends. As the train 
leaves tho station the vvc-itor flows off fr<iin tlie rear ends of tho 
carriages. How do you account for tliis ? 

111. A train moving out of a station c<»viM*s in successive seconds 
4, 8, 12, 16. 2:5, 30, 34, .38, 42, and 44 feet. Name the various 
kinds of motion with wdiich the train is moving during this period. 
What is the mean velocity in miles per hour during the last second? 



CHAPTER V -1^ 

MEASUREMENT OF MASS, "WSICtHT, DENSITY 


15 MASS AND WEIGHT 

L Meaning of mass and weight— (a) Take two pieces of iron or 
brass called m ordinary language pou d and half pound 
weights or a * pound and a *‘two 
pound will do Lift the two pieces of 
metal One feels heavier than the other, 
that IS the masses are different 
|k (b) Place a certain amount of lead, m one 
of a balance and counterpoise it with 
'^‘^otton wool in the other pan The masses 
ape ecrual but the volmoes are different 
^ (c) Examine the parts of a spn ng bala nce 

(Fig 33) Attach one ounce to tnebalajice 
ana show that the marker is pulled down 
to the division 1 The pull of the spring 
upwards and of the ounce downwards are 
equal 

(d) If possible using a delicate sprmg 
balance such as is used tor weighing letters, 
show that the downward pull of a mass of 
iron can be increased by holding a strong 
^^'^mggnet under it (Fig 33) 

^ ^ IL The i mto ce —(a) Uncover the balance 
and identifythe different parts by reference 
to Fig 34 Raise the beam aB of the 
balance off the supports by turning the 
h^dle 0 Notice wnether the poi^r F 
swings equally on both sides of tne middle 
of the scale 0 if it does the balancd is 
ready for use but if not let down the 
beam and turn the small nt S then 
try sgain. Repeat this adlSstmeat until 
the swings to right and left are equal 
(&) When using the balanoe cdwa^a place the substance to be 
iri^gbe<lfinthef^A(»ndpan| oftheb 



FiaSS*— TM 
may be msae 
heavier hf ji 
themae^oes 
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of weights and selelbtmg a weight which you estimate to be about 
the same as •an objeot placed m the pan E take hold of it w%th 



Fio 84 — The Student s Balance. 



the for cep s and place it m the right hand pom Now raise the 
b^m slightly to see whether the estimated ‘weight is nearly 
equal to the mass of the substance in ^ If the weight appears 
a little below what is 
wanted, pick up with 
the forceps the next 
heaviest weight in the 
box and try it in the 
pan with the other 
If the two together are 
too heavy, take out 
the smaller weight and 
put in the one below 
it^ and so on adding 
one Weight after the 
other, wUhonU missing 
any% until you find the 
correct weight When 
you have completed 
the weighing wnte 
down ana add up the 
weights that are imssmg from their places, and check the figinres m 
you put each weight back m ita place 
(e) Examine examples of Bntish masses, e p an ounce, a pound, a 
half hundredwemht Also examine a box m me%ic masses, wmmjis 
of es Si Mx of weights* (Fig* 35) 



68 LESSONS IN^ SCIENCE 

Compare a pound with a kilSogram Hang* the 100 gram mass 
from a spring balance and notice that the dowjfiwayd pull or its 
weight IS e\^ual to the weight of ounces ^ 

(a) Jt'lace a weight of ICB grams irT one panoT a balance and show 
that it can be balanced by SJ ounces in the other pan 
(e) What then is the British equivalent of the weight of a 
kilogram? It is evidently equal to the weight of 3^ ounces x 10= 
weight of 35 ounces = weight of 2^ lbs (roughly) 

(/) To become familiar with the process of weighing find the mass 
of a penny a halfpenny and other suitable bodies 

St anda isto of mass — In our country the standard or unit of 
'mass IS the quantity of matter contained m a lump of platinum 

of a certain size which 
18 deposited with the 
Board of Trade This 
amount of matter is 
called the Imperial Stan ^ 
dard Pound Avoirdupois, 
and we speak of the 
mass of any other body 
as being a certain num 
ber of times more or 
less than the standard 
pound, that is, as con 
taming so many more 
times as much (or as 
little) matter as is con 
taiped in the imperial standard pound But this is not a 
universal standard in France they have a standard of their 
own. The French standard is kept at Sevre s and is called a 
kilogram (Fig 36). The system of masses founded upon this 
standard is used in all scientific work throughout the world 
and also in the commend^ jte^sactions of many countnes 
^ In the metric system the mass of water ^ich will exactly 
fill a cuhio jSdPlWotre at a tei|tperature of 4^ is called a gram 
The same prefixes are used to express f erf^ ops and multiples 
of a gram as are employed in the case of th# metre and^ 
litre The kilogram, or unit of mass, is one thousand times 
greater than that of a gram, and is the umt in use for ordinarjfr 
purposes 



Fio SS —Comparative sizes of the British Stan 
jSarO Pound and the Metric Kilogram 
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Metric Measurement of Masses. 

10 milligrams = 1 centigram. 10 grams =1 dekagram. 
iO centigrams = 1 decigi am. 10 dekagrams =1 hektograni. 
10 decigrams =1 gram 10 hektogiams=l kilogram. 

Mass is not weight. — If a mass of 1 lb. is dropped from the 
hand it falls to the ground. If the siime mass is hung upon the 
end of a coil of iron wire, the coil is made longer by the down- 
ward pull of the mas.s fixed to its end. The amount by which 
a steel spring is lengthened, as tht* result of such downward pull 
of masses attached to its end, is used to mea.sure their weights in 
the instrument ealled a spring balance. If a very delicate balance 
of this kind, like those ii.sed in weighing letters, is used, the 
weight of a .small piece of iron hung on to the balance can be 
made to appear greater by holding a strong magnet beneath it. 
But, though the weight may appeal gi eater, the mass or quantity 
of matter is, of cour.se, the .«auie whether the magnet is under 
the iron or not. There is thus a very clear distinction between 
mass and weight, for mass .signifies quantity of substance, while 
weight is the earth’s pull on the substance. 

This pull or attraction which the eaith has for matter is an 
instance of what is called a force ; this force is usually called the 
force of gravity. Everyone has a general idea as to what is 
meant by force. For its definition and its measurement the 
student should refer to Chap. IV. The following instances 
will, however, indicate sufficiently the sense in which the word 
is used. In order to move a heavy mass from rest an effort 
must be put forth : force must be used To stretch a coiled 
spring requires the exertion of a force. When a body is raised 
from the ground the force with which the earth pulls it is over- 
come by a lifting force. The force with which a body is attracted 
by the earth is its weight. But it must be remembered that 
this force is just the same whether the body actually falls to the 
ground or not. When objects Ire supported on a table, for 
example, tl^ earth attracts them just as much, only the table 
prevents tliem from falling, as they would do if there were 
no table there. 

Measuimexit of mass and weight. A mass is always 
measured in terms of some standard mass. The method of 
doing this is to counterpoise the body, the mass of which it is 
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desired to measure, with standard masses. This is done with the 
help of a balance, or pair of scales. « 

In the simple balance the bc^m, AH^ is supported at the 
centre CT, and if the balance is true, the scale pans have no 



tendency to dip either on one side or the other. When, as in 
this case, the pahs are suspended from points at eipial distances 
from the pivot, any rna.«»s m one pan is balanced by an equal 
mass in the other. 

The earth’s attraction for equal masses, at any one place, is 
the same, or shortly stated equal masses have equal weights. 
Thus any weight can be compared with the weight of standard 
masses. The weight of a body which, as has been stated, is the 
pull of the earth upon it, may be measured directly by a suitably 
graduated spring balance. 

In ordinary language this distinction between mass and 
weight is not made The word weight is used to mean both 
the amount of matter in a body and also the pull of the earth 
upon It. Having directed attention to the distinction, we 
shall in future use the word weight in its ordinary sense. 

16. DENSITY. 

i. The density of different bodies varies.— (a) Determine, bv 
means of a balance, the weight ox a cubic centimetre of wood, lead, 
cork, and marble, and record the results thus : 

Weight of the oubio centimetre of 
wood (oak) ~ 0*82 grams, 

lead =11*35 „ 

cork = 0 24 „ 

marble = 2*84 ,, 
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(6) Place, in one p£tn of a balance, the cubic centimetre of lead used 
in tJio previOHs experiment and cut a regular piece of soap from a 
oar so that it just counterpoises tlie lead. Find the mimlicr of cubic 
centimetres in the soap. 

(c) Counterpoise two small Ijottles of the same size Fill one with 
water and the other with methylated spirit. Notice that the buttle 
ot water is heavier than the bottle of spirit, though the volume of 
each liquid is the same. 

{( 1 ) Count('rpoisc a pint measure or bottle with some sheet lead. 
Fill the bottle with water, and place metal weights in the opposite 
pan to balance it. Notice that the size of the metal is much less 
than the size of tlie pint of water. 

The meaning of density. — l. Pieces of different substances 
of the same size or voluine may have unequal w^eights. 

2. Pieces of different substances which have equal weights 
may have very different sizes or volumes 

It is usual to speak of these facts by saying that things have 
dirterent densities. A pound of feathers, or cotton-wool, has 
exactly the same weight as a pound of lead, but the feathers (or 
tlie cotton-wool) take up much more room, or have a larger 
volume, than the piece of lead The matter in the lead may be 
packed more closely than in the feathers, wliich accounts for its 
taking up less room. The shortest way of saying all this is to 
say that lead is denser than either cotton- wool or feathers. 

If a small thing is comparatively heavy, then it is called a 
dense thing, or it is .said to have a high density. If, on the other 
hand, a large thing has a small weight, it is said to have a low 
density. Moreover, the densities of things having equal volumes 
are in the same proportion as their weights. 

Standard of density. — But to compare densities it is better 
to have a standard, just as we have a standard of length, the 
yard, with which to compare other lengths ; or a standard of 
area with which to compare other areas. The density of water 
at a certain fixed temperature is taken as the standard. Why 
it is necessary to specify the temperature will be understood 
latei* 

The weight of one cubic centimetre (d water at a temperatui*e 
of 4° C. (see p. 58) is one gram, and its density is taken as the 
standard of density, and is called 1. Similarly, a substance, the 
weight of a cubic centimetre of which is two grams, would be 
said to have a density of 2, for it must contain twice as much 
matter as water does, packed int<> one cubic centimetre. The 
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weight of a cubic centimetre of quicksilver Is 13 6 grams, te it 
contains 13 6 times as much matter in one cubic centimetre 
as there is in one cubic centimetre of water Its density is 
therefore 13 6 

Density is the weight of unit volume of a substance — 

Suppose a cube of soap and a cube of lead be cut so as to have 
equal weights , the soap will evidently be larger than the lead, 
and it will be just as many times larger as its density is less 
than the density of the lead With equal weights, the greater 
the density the smaller is the volume It follows from this that 
if the volume of a body is multiplied by its density, we obtain 
its weight Or, expressed as an equation, 

volume X density = weight 


from this it follows that 


density = 


weight 

volume 


In using this relation between the volume and weight caie 
must be taken that the values of weight and volume are reduced 
to the proper units In all scientific work it is customary to 
adopt the cubic centimetre and gram as the units of volume and 
weight respectively 

The ratio of the weight of an^ volume of a substance to the 
weight of the same volume of water is equal to the relative 
density of the substance, or, as it is 
frequently called, the speafic gravity 


17 SOME METHODS OF DETEE 
MININO BELATIVE DENSITY 

1 By means of a relative density or speoUlo 
gravity bottle ~(a) Counterpoise an empty 
specific gravity bottle or a flask having a 
mark on its neck (Fig 38) Pill the fii^ 
up to the mark with methylated spirit and 
weigh it , then empty the flask cfey it and 
fill with water up to the same mark Weigh 
again, and from the two values thns deti^ 
mined find the relative density of the epitit, 
remmbering that 

Betotave <feiuity» 

weight of eqncd Toir^water 
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(ft) Following the method of the previous experiment determine 
the relative densities of two or three liquids such as turpentine, 
milk vinegar *beer wine sea water or a solution of salt ana ink 
(c) Weigh out about 100 grams of shot Fill the specific gravity 
flask w ith water and counterpoise it together with the shot Next 
put the shot into the bottle and remove the water displaced Add 
weights until the index of the balance swings evenly The weights 
added must equal the weight of 
the water displaced that is the 
weight of a volume of water 
equal in volume to the shot 
Therefore 

Relative density of the shot 
weight of shot 
“"weight of water displaced 
^(d) Find by the method used 
nn the preceding experiment the 
relative densitiesof such common 
things as tm tacks (which are 
really made of iron) bits of slate 
pencil brass wire and brass 
nails 

ii The relative density of 
liquids determined by balancing 
columns — >(a) Make a U tube 
by bending a piece of glass 
tubing or by connecting two 
pieces of tubing of equal bore 
with a piece of india rubber 
Mount the tubes upon a strip of 
board Pour quicksilver into 
one of the branches of the U 
tube until it reaches a horizontal 
line drawn on the board (Fig 39) 

Now introduce water into one 
of the tubes and notice that the 
mercury on which the water rests is pushed 
introduce enough water into the other tube to bnug-ftpe fiie^ouiy 
back to its original le\ eL By measuring you find the 
column is the same Repeat the experiment with difi^reiit|^Ei^lltie8 

(ft) Remove the water and dry the tubes and see ^ 

18 up to the mark Nearly fill one of the tubes 
such as methylated epint and balance it with water 
mto the other tul» 

Determine the 
that 



Fig 89 — Ajr&yw 
columns of/Jkiuw 

upsigiit Doaro 



Relatlye 



jure the lengths of the columns of iiquld* 
density of we hquid, using the equation 


spints 


length of water odunm 


JwgSTor^StocKwSa 
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iii. Hare’s apparatus. — Connect two glass tubes with a three-w'ay 
tube os shown in Fig. 40. Let the lower t'luls of the glass dip into 
different liquids ; then apply suction to the short tube at the top, 

and when the liquids have risen to 
aeonvemont height close the clip 
u|)oii tlie india-i libber. Measure 
the height of the liquid in each 
tube above the level ot the liquid 
below. Tlie heights aie inversely 
proportional to the densities. 

Determination of relative 
densities by relative density 
bottle. — A simple method of 
determining the relative densities 
of substances is to use a specific 
gravity or r elative density bottle. 
Such a bottle often consists of a 
small glass flask, holding about 
fifty giams of water. It is 
provided with a nicely-fitting 
ground stopper, with a very 
small bore through it or a 
vertical groove cut upon it 
(Fig. 38). To use the bottle in 
detennining the relative density 
paring the densities of liquids. of luiuids and powders, the weight 

of the empty bottle and stopper 
must first be known. The bottle is then filled with ]^ure water, 
the stopper inserted, and the water which is forced through the 
hole in the stopper wiped off, and the bottle and its contents 
weighed. In this way the weight of water which just fills the 
bottle is found. If now we empty the bottle and carefully dry it 
inside and out, and fill it with the liijuid of which the density is 
required, say spirits of wine, and weigh again, we have the weight 
of the liquid which just fills the bottle, or the weight of equal 
volumes of the liquid and water. The ratio — weight of liquid 
divided by weight of water— gives the relative density of theliquid. 

Instead of a bottle of this kind, a flask having a narrow neck 
around which a horizontal mark has been made may be used. 
The weight of water which fills the flask up to the mark may 
thus be compared with the weight of liquid which fills it to the 
same mark. 
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Suppose the weight of water in a relative density bottle was 
found to bo 50 grams, and the weight of the same volume of 
methylated spirit was found to be 40 grams. Then these 
numbers show the relative densities of the two liquids, and 
as we take the density of water as the standard or unit, the 
density of the spirit is e(jual to 40 divided by 50. It is 
thus seen that the relative density of spirit is represented 
by the fraction or j, which expiessed as a decimal fraction 
is 0 8. 


Determination of relative densities by balancing columns 
of liquid.— A coiiv^enient way to balance liquids against one 
another, and so compare their densities, is by means of a glass 
tube bent in the form of a U. 

When a U-tiibe is arrangecl, as in Fig. 39, the mercury in the 
bond acts just like a pair of scales, and a column of water in one 
of the upiight arms can be balanced against a column of the 
same length in the other. Tlie columns of water are the same 
size, or have the fiame volume, and they balance one another, 
consequently their weights mu.st be the same ; and since their 
weights are eipial and their volume tlie same, they must have 
the same density. 

But suppose water is put in one arm of the U-tube, and 
enough methylated spirit into the other to make the mercury 
stJind at the same height in the two arms. Here there is a 
different state of affairs. The column of spirit which balances 
the coluiim of water will be the longer, hence its size or volume 
is greater, since the tulios are the same width. But because 
they balance, their weights must be the same ; and the lengths 
of the spirit and water columns are inversely proportional to 
the densities of the two liquids. Thus, 

_ , . , ^ ^ length of water column 

Relative density of «pn >t= column ’ 

Hare’s apparatus for determination of relative densities. 

— A convenient arrangement to use in determining the relative 
densities of liquids which mix is represented in Fig. 40, and is 
known as Hare’s apparatus. Two straight glass tubes are con- 
nected at the top by a three-way junction, upon the unconnected 
end of which a piece of india-rubber tubing is placed. The 
lower ends of the tubes dip into lieakers containing the liquids 
bhe relative densities of which have to be determined. By 
T^S. L B 



LKSSONS IN SCIENCR 


applying suction to the free end of the rubber tube, the two 
liquids are drawn up the glass tubes, and the^ heights of the 
licpiid columns above the level of the liquids in the beakers will 
be inversely proportional to the relative densities of the liquid 
employed. The principle is thus precisely the same as that of 
the U-tube, but by using the form of apparatus here described, 
the relative densities of liquids which mix can be more conveni- 
ently found tlian by the ordinary U-tube into which the liquids 
have to be poured. 


CHIEF POINTS OF CHAPTEB V. 


Mass is tho amount of matter in a thing. The British standard 
of mass IS tho Impel ial Pound tivoirdiiiiois, and tho metric standard 
in common uso is tho Kilogram. Tho mctiic standard ot mass used 
in scientific work is the gt am. Masses may be compared by a |)air 
of scales. 

Tlio weight of an object is tho force with which the object is 

E ullcd toward the centre of tho earth. Weight can be measured 
y a spring balance. 

Density. — Equal volumes of different substances may have different 
weights. Equal weights of <liff(‘rent substances may have different 
volumes. Or, different substances may have different densities. 

Specific gravity, or relative density, is the ratio of tho weight of 
any volume of a substance to the weight of an equal volume of 
water. 


Relative 


density = 


^mass (or weight) of a substance 

mass (or weight) of an equal volume ot water* 


Balancing columns of liquids. — Tho densities of two liquids 
balanced m a U-tube are in the inverse proportion of the lengths 
of the columns Or, 


Relative density of a liquid = 


leng th of 

length of liquid column' 


Metric Measures of Mass. 
l=GraiiL 


TTftnr=Milli-gram. 
= Centi-gram. 
= Deci-gram. 


10= Dekagram. 
100 = Hekto-gram. 
1000 = Kilogram. 


British and Metric Equivalents. 

1 gm. = about ISJ grams. I I oz. Avoir. = about 28f grams. 

1 kgm. = „ lbs. I 1 lb. Avoir. = „ h kilogram. 
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The following MumiiKiry, dealing with standanls of weight and 
measure, is exhibited in the Victoria and Albert Museum, South 
Kensington . 


Standards of Weight and Measure. 

The **yard” of 36 iiiclics, is the unit or standard measure of 
extension, from which all other imperial measures of extension, 
wliether linear, suporticial, or solid, are ascertained. 

The “pound” is the unit of the measun* of weight from wdiioh 
all other imperial weiglits, or measures having nsfi rcnee to weight, 
are ascertained. ^I’lic one seven thousandtli jiart of the pound is a 
“gram.” One sixteenth jiart of the imperial standard pound 
(4374 gi'ains) is an ounce (avoirdupois). 

The “ ounce troy” consists of 480 grains and is now the only legal 
standard tioy weight. 

All articles sold by weight must bo sold by avoirdupois weiglit ; 
except that — 

(1) Gold and silver, and articles made thereof, including gold and 
silver thread, Liee or fringe, also platinum, diamonds, and other 
precious metals or atones, may lie sold by the ounce troy or by any 
decimal parts of such omice—and 

(2) Drugs when sold by retail, may be sold by apothecaries' 
weight. 

[The “ apothecaries’ ” ounce is of the same weight as the tioy 
ounce of 480 imperial grains,] 

The unit or standard measure of capacity from which all otlier 
measures of capacity, as well for lujuids as for dry good.s, are 
derived, is the “gallon” containing ton imperial staiidaid pounds 
weight of distilled water (wi'iglied in air against brass weights) at 
the temperature of (52® Fahienheit and with the barometer at 
30 inches. 


Metric System of Weiglits and Measures. 

The third Schedule to the Weights and Measures Act, 1878, sets 
forth the equivalents of impel lal wcight.s and measures and of the 
weights and measures therein expressed in terms of tlie metric 
system, and Sect. 21 of tlie Act provides that a contract shall not 
be invalid if weights or measures of tlie metric system, or decimal 
subdivisions of imperial weights and measures, are used in it. 

The unit of Length is the “Metre,” =39 3708 inches. 

„ ,, Surface „ “Are,” =100sq.metres=110’6033sq.yds. 

„ „ Capacity,, “Litre,” =7i;»ffTreub.metre=l-76077pints. 

„ „ Weight „ “Gram,” =15*4323487 grains. 

(A gmm is the weight of a cubic centimetre of distilled water at 
4® centigrade. ) 
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EXERCISES ON CHAPTER V. 

1. Define the mass and weight of a material body, carefully dis- 
tinguishing between the terms. 

2. Give the British and metric measures of mass. 

3. What is a spring balance and what can be measured with it ? 

4. What particulars about a given mass could you determine 
(a) by using a spring balance, (fe) by means of a pair of scales ? 

5. A l)ody of which the volume is 1*5 litres, has a mass of 
2o kilograms. What is the mass in grams of 1 cubic centimetre of 
the body. 

What is the volume at 4** C. of 1,712 grams of water? 

6. How is the relative density of a liquid determined with a 
specific gravity bottle ? 

7. Plxplain a simple method for ascertaining the relative density 
of small shot or tin-tacks. 

8. Being provided with two pieces of glass tube and a pieces of 
india-rubber tubing, explain how you would proceed to (i) com- 
pare the relative densities of olive oil and spirits of wine, (ii) ascer- 
tain the relative density of a specimen of nnlk. 

9. You are given a small rectangular block of brass, and you 
have at your disposal a measuring rod divided into centimetres and 
millimetres, a balance and weights, some fine wire, and a vessel of 
water. How will you determine, by two perfectly independent 
methods, so that tlie results may form a check on one another, the 
volume of the l)lock ? De^crilx? exactly what calculations you will 
have to make, and say upon what scientific principle, if any, each 
of your methods depends. 



CHAPTER VI. 


PARALI.EL FORCES. CENTRE OF GRAVITY. 

THE LEVER AND OTHER MACHINES. 

18. PARALLEL FORCES. 

i. £xa.mple of parallel forces. — Place the ends of a stiff lath or 
rod of uniform thickness upon two letter balances, or support the 
r<xl by hanging each end from a spring balance. Notice the load 
bonie by each balance ; then weigh the rod, and so determine the 
fraction of the load supported at each end. 



' •> 

ii. Resultant of paraUel forces. — (a) Susx>end a light latl^ from a 
spring balance by a ring above its centre (Fig. 41 ). Notice the 
reading of the balance. Hang two eqwd weights in bags from the 
ends of the lath, and again observe the reading of the spring l^lance. 
Repeat the experiment with unequeU vmghts plaoed in bags arranged 



10 


LKSSONR IN S(nKNCK 


on the lath so as to counterpoise one .anotliiT. Record your results 
thus . 


Weight of 
lath^ 

Weight B 

Weight C. 

Total 

A-\ Ii\-C 

Reading of 
Spring 
Ralanec, R 







By comparin'' columns 4 and 5 it will be seen that the throe 
downward forces A, />. and O, acting upon the lath, are kept in 
c(|uilibiiuin by one iipwaid force Ji. 

{h) Hang the two wei-^lits B and O togetheu* from the middle f)f 
the latli suspended from the spiring Imlance. Notice that the read- 
ing of the balance is tlie same as when the two weights are hung 
from tlie ends of the lath. 

Parallel forces. — It has been seen that the earth exerts a 
downward pull upon all objects on its surface, and that in 
consequence of this all things fall to the ground if unsupported. 
It follows, therefore, that every mass which is suppoited above 
the earth’s surface is constantly being pulled downwards, even 
though it does not fall. If a beam, for instance, is supported 
horizontally by resting the ends upon two posts, each particle 
of it may be regarded as being pulled eai-thwards by an 
attractive force. The direction of the pull is everywhere 
towards the centre of the earth, so for any one spot on the 
earth’s surface we may consider the attractive forces due to 
giavity to be parallel to one another. 

When a stiff lath or rod of uniform thickness rests upon two 
letter balances, or is supported by hanging each end from a 
spring balance, the experiment represents on a small scale the 
case of a beam referred to liefore ; and by using spring balances 
it can be proved tliat the weight supported at its ends is 
equally divided between the two suppoi’ts. In other words, 
the two upward forces exerted by the balances are togethei* 
equal to the downward force i-epresented by the weight of tlie 
beam. 

If a load be placed anywhere upon the lath, the balances still 
show that when the lath is in equilibrium the sum of the 
upward forces is equal to the sum of the downward forces. 
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^Piinciple of parallel forces— The principle of parallel 
forces demonstrated by the exi>enments referred to may now 
be dehnitely expressed as follows • The resultant of a number of 
parallel forces is numerically equal to the sum of those which act 
in one direction, less the sum of those which act in the opposite 
direction. In other words, the resultiint is ccpial to the algehmic 
Slim of the forces. 

If two equal parallel forces act in the same direction upon a 
body, the total force will be obtained (as might be expected) by 
adding the two individual forces together In like manner, if 
two unequal parallel forces act in opposite directions the net 
effect can be found by subtracting the smaller of the two forces 
from the greater ; the direction of the resultant is that of the 
greater force. 


19. DETERMINATION OE CENTRES OF GRAVITY. 

i. Experimental methods of determining centres of grayity.— (rt) 
Procure a disc of sheet c«irdboard .iiid find hy tiial tht‘ point on whieh 
it may bo balaneod, that is, the centic ol gi avity ol tlie disc. Make 
a hole in the card near the edge, and take a pluruJii-line consisting of 
a thread with a piece of lead tied at one end and a hpok of thin wire 
at the otlior. Hang the disc from the hook, and then suspend both 
as shown in Fig, 42, so that the disc and lead are both suspemled 
and the thread passes ovei the point of suspension. The thread also 
passes thiough the centre of gravity Do tins for various holes in 
the edge of the disc, and sec that in all cases the mrtkoL line through 
the point of suspension passes through the centre of gmvity. 

(/>) Another way to find the centre of gravity of a plane figure, 
such as a triangular plate ot metal or c.ird, is to tie strings at each 
corner of tlie ^atc. Then hang the plate by one of the stnngs to a 
support such as one of the rings of a retort skind. Allow it to come 
to rest, and, using a straight edge, draw a chalk maik across the 
plate in the same straight lino with the string as shown hy the 
dotted line in the figure. Now attach the same plate by one, ot 
the other thieads exactlj^ as lieforo, and again make a mark m 
continuation of the string. The two chalk marks intersect at a 
point marked O, Fig. 43 Untie and do the same with another 
string, the third line passes through the intersection of the first 
two. Obtain a similar point for eacli of the other plates. Also 
determine in the same way a similar point for irregular plates of 
wood, ^c, or cai’dboard. 

it Centres of gravity of skeleton solids. — {a) Procure a skeleton 
cube or tetrahedron, and suspend it as in the preceding experiments. 
Mark the verticals through the point of suspension by light wii es 
{Attached by wax, and thus find the position of the centre of gravity. 
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The centre of gravity will not be on any of the bars of the skeleton 
sohd used. 

(6) Find the centre of gravity of an open wickerwork basket, such 
as a waste-paper basket. To do this, suspend the basket, and hang 



Fio. 42 —Determination of Fia 43 —A method of dotei mining centre of 
centre of giavity of a dibc. gravity. 


a plumb-line from the point of suspension. Tie a piece of tliread 
across the basket in the direction of the plumb-line ; then suspend 
the basket from another point, and notice wlicie the plumb-line 
crosses the thread. Tlio point ot intersection, which need not be 
actually on the framework itself, is the centi e of gravity. 

Centre of gravity.— Consider a large number of weights, 
some heavier than other.s, suspended from a horizontal rod. 
A certain position can be found at which a 
spring balance would have to be attached 
m order to keep the rod in equilibnum 
When the rod is hung from this point 
the tendency to turn in one direction is 
counteracted by the tendency to turn in 
tlie other, so the rod remains horizontal. 

The weights may be regarded as parallel 
forces, and the pull of the spring balance Fig. «.-raiaiici ft)rces 
as equal to their resultant. Now consider 
a atone, or any other object, suspended by a string. Every 
pacticle of the stone is being pulled downwards by the force of 
gravity, asjndicated in Fig. 44. The resultant of these parallel 
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forces is represented by the line GF, and the centre of the 
forces is the p^int G. The point G^ through which the resultant 
{GF) of the parallel forces due to the weights of the individual 
particles of the stone alwavs passes, is known as the centre of 
gravity. For the stone to be in eciuilibrium, the string must be 
attached to a point in the line GFy produced upwards. 

Every material object has a centre of gravity, and the 
position of this point for a particular object is the same so long 
as the object retains the same form. 

Experimental methods of determining centres of gravity. 
— The centre of gravity of such geometrical figures as ciicles, 
squares, and parallelograms is really the centre of the figures, 
and can therefore be determined geometrically. In the case of 
unsymmetrical figures, however, the centre of gravity cannot be 
so easily found by geometry, and is best determined by 
experiment. 

The experimental method adopted for determining the centre 
of gravity of any material body depends upon the iconsidera* 
tions set forth in the preceding paragraphs. The body, the 
centre of gravity of which is required, is allowed to hang quite 
freely, either by means of a cord or on a smooth peg, and when 
it has come to rest a vertical line through the point of support 
is ma,rked upon it. If a string is employed, this vertical line 
will be a continuation of the string, and is at once drawn by the 
help of a ruler. If the body which is })eing experimented with 
is hung from a smooth nail, by means of a hole bored in the body, 
the vertical line must be drawn with the help of a plumb-line. 
The point of support is then shifted and the operation repeated. 
Since the centre of gravity of the plate is in both straight lines 
it must be located at their intersection. 

of all shapes balance about their centres of gravity. 
— After the centre of gravity of a slmgt of metal, or other stiff 
material, has been determined by hanging it from a support 
in the manner described in Experiment 19 i. (u) and (6), it will 
be found that if this slieet be so arranged that a pointed upright 
is immediately under the centre of gravity, the plate will bo 
supported in a horizontal position. This affords a convenient 
means of checking the correctness of the experiment performed. 

Geometrical detemdnation of centres of gravity.— It has 
been sufi&ciently explajined thaltthe centres of gravity of straight 
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lines, circles, squares, and other regular figures is at their 
geometrical centi’es. Hence, the geometrical coiK’)tructions for 
deterimniiig these central points also locate the positions of 
their centres of gravity. 

The centre of gravity of a paraUelogram is at the intersection 
of its diagonals. 

The centre of gravity of a tri^jigle is determined by bisecting 
any two sides and joining the middle points so obtained to the 
opposite angles. The intci’section of the lines so drawn gives 
the centre of gravity. The centre of giavity is found, by 
measuring, to be one- third the whole length of the line drawn 
from the middle point of the side to the ojqiosite angle, away 
from the aide bisected. 

We may, in fju*t, consider a triangular plate as made iij) of a 
number of narrow strips of material Vhicli decrease in length 



|[from the base to the apex. The centre of gravity of each strip 
is the middle of the atrip ; hence the line drawn from the apex 
to the middle of the base passes through each ccnti e of gi d\ ity 
(Fig. 45, A). By taking another aide as base, a similar line can 
be drawn from the nuddie to the opposite angle (Fig. 45, B). 
These lines intersect at one-third the distance up the line so 
drawn, measured from the base, and the point of intersection is 
the centre of gravity of the triangular plate (Fig. 45, (7). 

« ’ To find the centre of gravity of a quadrilateral by con- 
struction, the plan is to divide it into two triangles by drawing 
a diagonal. By the method just described the centre of gravity 
of each triangle’is found, and tlie points so obtained are joined. 
Ihe centre of gravity of the quadrilateral lies on this line. 
Eepeat the p^cess drawing the other diagonal. Join the 
centres of gravity of the second pair of triangles, the centre of 
gravity of the quadrilateral lies on this line. Hence, it is 
situated at the point of intersection of this line and the first one 
obtained in the same way. 
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Centres of gravity of other bodies. — The method of 
drawing liner across the surface of a thin jilate is not practicable 
in the case of bodies such as blocks or skeleton solids having 
three dimensions. The experiments described in 19 ii. explain 
two methods which can be employed usefully in cases of this 
kind. The ingenuity of tlie student will provide other equally 
suitable plans for particular cases. 


20. EQUIUBBIUM. 

i. Conditions of equilibrium.— PUcc upon a square-edged tabic or 
Ijoaid one of the caidboard figures of which you have found the 
centre oi giavity. (Iradually slide the figure near the edge until it 
would just toiiple over ; keeping it in this position, draw a line 



along tho under side of the cardboard where the edge of the table 
touches it. Then place the cardlxiard in another position and again 
matk where the edge of the table touches it when it would just 
topple over. The intersection of these lines is the centre of gravity, 
and it will be noticed tliat the caixlboani would ]iist topple over 
when the centre of gravity falls outside the edge of the table. 

ii. Stable, neutral, and unstable equilibrium.— Prooure an oblong 
strip of w’ood or car<lboar(l (Fig. 4G). Support tlid strip as at A by' 
a long pin puslied through it ; it is then in stable equilibrium, for 
the slightest turn either to right or left raises the centre of gravity. 
When supported as at 7?, the strip is in neutral equilibrium ; and 
when supported as at 6*, it is in unstable equilibrium, for the 
slightest movement lowers the centre of gravity. 

Relation of centre of gravity to base of support.— A 
circular^^isc, in which it will be remembered the centre of 
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Fio. 47 —If the vertical Ime 
from the contro of ftravity should 


gravity coincides with the geoinetncal centre, will not rest upon 
a table if the centre la beyond the edge of the table, but will 
topple over. In a similar way, if any plane figure lies fiat upon 
a table, the centre of gravity of the figure must be within the 
edge of the table. I'lie same conditions apply to any object 
resting upon a support, 
object resting upon a 
equilibrium, a vertical 
from the centre of gra 
ward must fall within 
When this vertical line falls outside ^ 

the base the body topples tiver. 0 

(consider the case of an omnibus 
on level ground. The centre of 
gravity is somewhere inside the 
omnibus, and a vertical line drawn 

from it downwards w'ould fall within x 'vl 

a line traced around the omnibus * 

upon the ground. But, if the out- 

side of the omnibus is filled with out&ide the ha&c of support, 
, - , , ,.11 j the omnibus would topple over, 

people and the vehicle happens to 

be running across a sloping road, it might topple over, for a 
jerk might cause so great a change of position of the centre of 
gravity as to make the vertical line from the centre fall outside 
the base of support, and in such a case an accident must happen 
(Fig. 47). 

Equilihrium. — When a body is at rest, all the forces acting 
upon it balance one another (or, what is the same thing, any 
force IS equal and opposite to the resultant of the remaining 
forces), and it is said to be in equilibrium. It is in stable 
equilibrium when any turning motion to which it is subjected 
raises the centre of gravity ; in unstable equilibrium when a 
similar movement lowers the centre of gravity, and in neutral 
equilibrium when the height of the centre of gravity is unaffected 
by such movement. Consequently, if a body in stable equili- 
brium is disturbed, it returns to its originq][ position ; if in 
unstable equilibrium, it will, if disturbed, fall awa}'^ from its 
original position : while if the condition of equilibrium is 
neutral it will, in similar circumstances, stay where it is 
placed. 
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Conditions of stability of suspended and resting objects 

— The centre gravity must in ever} case be below the point 
of support for a suspended object to be in equilibrium The 
greater the distance between the point of support and the 
centre of gravity the greater is the tendency to return to the 
position of equilibrium 

When the centre of gravity and the poini-of«attpport of a, 
suspended object are close together the equilibrium of the 
object IS easily disturbed A good balance partly owes its 
sensitiveness to this condition, the centre of gravity and point 
of support being designedly brought close together 
It has been shown that in the case of a freely suspended 
object the centre ot giavity is at its lowest point when the 

object IS in equilibrium 
Let us see how this applies 
to a body supported upon 
a suiiace below the centre 
of gravity 

A body IS least liable to 
.A -f' be upset when the centre 

Fig 48‘~AfuimMin^ atajblejeq'&liWlw of gravity 18 at a COn 

siderable distance from all 
parts of the edge of the 
base foi, when this is the case, the body has to be tilted through 
^a large arc before the centre of gravity falls outside the base 
A fuiyjel standing upon its mouth is an example of a body 
which cannot be easily overturned on account of the low centre 
of gravity and its distance trom the edge of the base (Fig 48 | A), 
It IS then m stable equilibrium If the funnel is stood upon 
the end of the neck it can be easily overturned, because very 
little movement is required to bnng the centre of gravity out 
side the base It is thus in unstable eqiuhbnam When the 
funnel lies upon the table it is in neutral equilibrium, for its 
centre of gravity cannot then get outside the points of support 

2L THE LEVEE 

L Balancing eqjial weights on a lever ~>(a) Make or obtam a lever 
eOnsistiiig of a strip of bght wood graduated in centimetres, and 
having a thin rmg screwed into one edge, above the central pomt, 
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and a hook screwed into each end (Fig. 49). Hang the lever from a 
nail by the middle ring. It it does not exactly balance, plane off a 
little wood from the end winch .sinks, or slightly niVserew the book 
at the end which rises above the horr/oiital, until the lever does set 
itself horizontally. 



M 11 ■ 1 . 1 . 1 . 1 . 1 . 1 n Tin - TviT i rr.i .t nTrimr trniTTtT: 


Pio. 4^. — A simple lever. 


Hang two pill-boxcs or .small linen bag.s liy their strings from the 
lever, one on each side ot tin* iulciurn or jiivot, at equal distances 
ti-om it. Into one of the lug.s place say 50 gianis, and find how 
many grams yon must iilacc into the other bag in older to icstoie 
e([uilibi iiini. Ucpcat the experiment with the bags at a different 
dhstanec. 

It will lie found alwaj/s that eqiiilibnuni is obtained when equal 
weights are at equal distances from the tuining ])Oint or fulcrum 
- ii. Principle of moments. —(a) Vlacc boiiu* jneces of lead m each 
of four linen bags, and adjust by means ot shot or sniall bits of 
lead until they weigh respectiv^ely 50 grams, 100 giums, 200 grams, 
and 300 grams. Place the 100 gram bag about 12 cm. from the 
fulcrum of the lever, and balance it with a 50 gram bag on the 
other side. Record the distance from the fulcnim in each case. 
Repeat the experiment liy bakincing 50 grams against 100 grams, 
50 grains against 200 grams, 100 giams against 300 grams and other 
combination.s. 

Record your observations in columns as below : 


Lei- r Side op Levkk. 

* 

TiOad X 
Distance. 

KioHrSiDEOi Levpr 

Load X 
Distance* 

Load 

Distance 
from 
Fold uzn. 

Load 

Distance 

honi 

FulcMiin 








Compare the numbers in columns 3 and 6, and state in words the 
law or rule indicated by the results. 

The experiments show that there is a definite proportion between 
the weights on the two sides of a lever, and their distances from the 
fulcrum. The proportion is : 

left , right , , right . left 

load ■ load * ’ distance ’ distance. 

Or, expressed in another way, the loads are inversely proportional 
to their distances from the fulcrum. 


THK LKVKR 
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The turning cflect of any £ 01*06 acting ux>on a lever, as each load 
did in the experiment, is termed the' moment ol the force. The 
comparisons ol columns 3 and 6 prove that the moment or turning 
ettect IS measured by the produet of load into distance from the 
fulcrum. 

(6) Hang two bags on the same side of the lever at different 
distances and one bag on tlie other side. Move the single bag until 
equilibrium is obtained. Ho this several times with the bags in 
different positions, and compare the sum of the moments of the 
foices acting on one side with the moment of the force on the other 
side. 

(c) Hang a small book or a bag with shot or nails in it on one side 
of the fulcrum, and the 100 giam bag from the other. Move this 
bag along the lever until equilibrium is obtained. Then, remember- 
ing that dishincci , „ . distaiiceo 

^ ^ from fulcrum ~ ^ from fulcrum, 

calculate the weight of the Iniok or bag of nails. Repeat the experi- 
ment, using the 200 gram bag. 

In the preceding experiments tht‘ fulcrum has been between the 
forces due to the loacls hanging from the lever. The forces may, 
however, both act on one side of the fulcrum. It is convenient to 
call one of the forces the effort and the otht'r the resistance. 

lU. Load between effort and fulcrum.— Suspend the lever from its 
middle hook as before. Attach a spring balance near one end, and 
suspend a load from some point between the balance and the 
fulcrum. The princuile of moments applies to this case as to the 
others, and you will find that 

reading of distance of balance _ ^ distance from 

balance from fulcrum ““ “ fulcrum. 


The forces acting in this experiment are the same as those called 
into play when a man hits the handles of a wheelbarrow having a 
load in it. 

iv. Effort between load and fUlcrum— Suspend a load from one 
end of the lever supported upon the central ring. Attach a spring 
balance to the lever between the load and the fulcrum, and hold the 
lover horizontal by means ot it. Keeping the balance between the 
load and the fulcrum, show that whatever the relative distances of 
the two from the fulcrum, the principle of moments holds good 
when the lath is kept horizontal. This class of lever is similar, 
as regards the distribution of forces, to sugar-tongs and ordinary 
fire-tongs. 


ISffachines. — A machine is a contrivance by means of which a 
given force is made to resist or overcome another force acting 
in a contrary direction. 

What are termed “ the mechanical powers '' are really simple 
machines which can be used to overcome resistance We have 
now to consider the mechanical principles underlying the action 
of such a simple machine as the lever. 
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The lever. — A lever is a rigid bar which can be turned freely 
about a fixed point. The falcnim of a lever is th,c fixed point 
about which the lever can be turned. The force exerted when 
using a lever is often described as the power and the body lifted 
or resistance overcome a.s the weight. These words are con- 
venient, but they arc not correctly used in connection with 
levers, as their true meanings are confused by so doing It is 
better to substitute the word effort for power, and refoatance or 
load for weight, tt should be borne in mind, that, so far as 
mechanical principles are concerned, there is no difference 
between the power and the 
weight ; both represent t 

forces, and as such they A J c . B 

must be considered in the l\ arm 1 

action of levers. ^ c effort 

The perpendicular dis- j 

tances from the fulcrum to “■ ... 

.... - ^ - - Fia. so.— Terms used in connection with 

the lines of actions or forces levers. 

acting upon a lever, are 

known as the arms of the lever. In Fig. 60 the distance AC is 
the arm at one end of which the “weight” acts, and BC is the 
arm at one end of which tho “ power ” acts. 

Classes of levers. — For convenience, levers are divided into 
three orders or classes, according to the relative positions of the 
fulcrum and the forces in action. The classes are as follows : 

Class I Fulcrum between re.sistance and effort. Examples : 
see-saw, a pump-handle, a balance, a spade used in digging. 

Class II. Eesistance between effort and fulcrum. Examples : 
nutcrackers and a wheelbarrow. 

Class III. Effort between fulcrum and resistance. Examples : 
sugar-tongs, ordinary fire-tongs, and the pedal of a grindstone. 

These classes are of no real consequence, for the principle 
underlying the action of all levers is the same. 

It will, however, be a valuable and interesting exercise to 
follow out these distinctions in the Figs, on p. 81. 


Fia. so.— Terms used in connection with 
levers. 


Principle of the lever. — It is easy to show by experiment, 
that when a lever is in equilibrium the following equation holds 
good. 

force on ^ distance _ force on ^ distance 
one side from fulcrum other side from fulcrum. 
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This principle of moments applies to all levers, so that all that 
need be remembered when considering the actioii of a lever of 
any kind, are the forces working in one direction and their 
distances from the fulcrum, compared with the forces or resist- 
ances which oppose them and the distances of these fi'oni the 
fulcrum. 

Moments. — Refer to the diagram (Fig. 54), where /^represents 
the point of support, or fulcrum, of a lath or other straight lever, 
and Ml is a weight at a distance AF in equilibrium with a 
smaller weight J/ 2 , at 

a greater distance FB. A F _ B 

The force acting at ^ ^ 

A is the weight of i/j, / ' .1 

acting vertically down- “Mi - , 

wards ; and the force Fia. 54.— To illustrate moments of forces, 

at B is the weight of 

i/o, acting in the same direction. Each force tends to turn the 
lever in a particular direction, and this turning effect is called 
the moment of the force. The moment of the force acting verti- 
cally downwards at A is the product of the force equal to the 
weight of Ml into the distance AF, which, as the diagram shows, 
IS measured at right angles to the direction in which the force 
acts. Similarly, the moment of the force eipial to the weight of 
M^f about the point F, is equal to the product of this force and 
the perpendicular distance BF, 

This is a rule of universal application for taking moments 
which will have to be used several times later on, and should be 
well borne in mind. 

The moment of a force about any point is the product obtained 
by multiplying the force by the perpendicular distance between the 
point and the line of action of the force. 

The principle of work. — ^Though the subjects of work and 
energy cannot be considered fully in this book, it may be 
stated here that work is measured by the product of a force 
into the distance through which a body is moved in the direction 
of the force. Now, in every case where such a simple machine 
as the lever is concerned, the work done by one set of forces 
is equal to that done by the other. What is gained in force 
is lost in distance, so that in each case the product of force and 
distance is the same, whether the lengths of the lever arms, or 
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the distances through which the ends of the level move, are 
taken as the diiitances 








Fio 55.-— Principle of work illubtiatod by a lever 


From the principle of work it follows that if a man, hy exert- 
ing a force of 10 lbs. on one end of a crowbar, moyes 100 lbs. at 
the other end, he has to exert Ins effort through 10 inches in 


order to move the mass 
one inch Thus, what is 
gained in effort has to 
be made up by distance 
moved 


22. THE PULLEY, 
INCLINED PLANE, 
SCREW, WHEEL 
AND AXLE. 

L The pulley. - Attach 
a spring balance to one 
end of a piece of string. 
Make a loop in the other 
end and hang from it a 
weight and a pulley. The 
spring balance, if eorrcct, 
mdicatos the wei^it of the 
two together. Pass the 
string under the pulley as 
in Eig. 56, Bb, The total 
weight is now supported 
by two parallel portions 



Fio 56.— Actions of pulleys 
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of the string, and the tension ot the string, «as indKjated by the 
spiitig liahinee, is only what it was 

befoie. Pass Iht* stung over a tixed pulley as 
shown by Aa m the lett-hand part of Eig 5(5. 
Tile tcMision will lie fliiiiid pracjtieally tlie same 
as befoie 

li. Single fixed pulley.— Ki\ a pulley as in 
Fig 57. Pass a flexible (ord o\er the groove, 
and h.ing a weight on cacli end ot it. The 
weights have to be equal in order to lialance 
one another. 

ili. Single movable pulley — Arrangci onci fixed 
and one movable pullev as in Fig 58. Hang a 
weight W fiom the pulley, and find the wenght 
UKiuired to halaiu'e it Repeat the experiment 
with sevoial difleicMit weiglits In each ease the 
value tif P is found to he alnnit one half the .sum 
of \V and the weiglit ot the pulley to whieli it 



W 

Fig. 57.— -A Riiigle 
fixed pulley 


IS attached. 

iv. Inclined Plane.— (a) Arrange a hinged hoard 
with a weight «ittached by elastic to the tiee 
end. Show that tlu‘ tension is less wh(*n the 
weight lests on the Iniaid than when it is sus- 
peiuled frec'ly. 

(5) Proem e a toy carnage such as is shown 
in Fig. 69. Place some shot in it and find 
A weight W of the carnage and sliot. 

d movable piflley” Attach one end of a string to the carriage after 
passing it over a pulley or smooth rod By and 
fasten the other end to a small bucket or lx>x P. Put sufiieient 
shot in the box to balance the cdriiage. Find by several experi- 
ments the relation between W and P. 




Fig. 50 — Experiment to Illustrate the advantage of 
the inclined plane 

V. The Screw.— Cut out of paper a right-angled tiiangle such 
as A BO (Fig 60), and wind it around a lead pencil. .The slant 
side of the triangle forms a spiral upon the pencil, similar in ap- 
pearance to the thread of a screw. Mark off from the point € 
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a part of the base CD which will just around the pencil, and 
(liaw tlio perpendicular iJtJ The snia 11 triangle CJ^K is similar 
to the lai’go oneiind lopresents one iuin of the sernw-tlii ead 



Fi«. tK).--To illustiato the pilnciplo of tho screw 

The pulley. — A pulley is a wheel having a grooved rim, and 
capable of I’otatiiig about an axis through its centie. Tho 
frame which holds the jmllev is called tho block. 

Experinieut '2± lii., shows that although a movable pulley, that 
IS, one which can move up and down, reduces the effoi t which 
has to be exerted to support a given weight, a fixed pulley is of 
no advantage in tliat resjjcct. The ratio of the resistance, or 
weiglit ovorcoTiie to the effort exerted is kno\^ n as the mechanical 
advantage of a machine. 

FIxpeiiment 22 ii., aliow's that, with a single fixed pulley, no 
mechanical advantage is obtained. All that tliis pulley doe.s is 
to change the direction of the puU ; if one of tlie weights, for 
instance, is pulled dowui, tho other rises The pulley thus acts 
in the same w'ay as a lover balanced at its centre ^ the distance 
from tho centro to the circumference, in other words, the ladius 
of the pulley, being regarded as one arm of tlie lever. A pulley 
having a radius of throe indies has therefore an equivalent 
lever-arm three times as great as one with a radius of one inch. 

Single movable pulley. — Advantage is gamed by the use of 
movahle pulleys. Tlio fixed )>ulJey is of no advantage in reduc- 
ing the force required to raise a weight ; the advantage gamed 
is derived horn the use of the movable jiulley. One half r>f 
the total weight is supported hy the ])art of the string liooked 
to the beam, and the other half is supported by the part of the 
string which goes around the fixed pulley to the weight marked 
P. There are several different combinations of pulleys, but the 
principle exemplified by the foregoing experiments, namely, 
that every movable pulley reduces by one-half the effort required 
to raise a given weight, is utilised in them all. 
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The principle of work applied to pulleys. — With pulleys, 
as with levels, there is neither loss noi gam of work. If, in 
any eombinatinn of pulleys, a force of 10 lbs. balances a force of 
120 lbs.— the mechanical advantage (resistance— effort) thus 
being 12 — the effort will have to be exerted through twelve feet 
m order to move the resistance through one foot. For it is an 
invariable rule that 

Effort X moved. 

The mech.inical advantage of any system of pulleys can 
therefore be determined by finding the relation between the 
weight moved and the effort exerted By comparing the 



Fin. 01 — Paralloloprram of forces applied to the inclined plane. 

distance through which tlie effort is exerted with that through 
which the weight moves, we obtain the velocity ratio of a machine. 

If there were no waste of energy in a machine, the mechanical 
advantage would be equal to the velocity ratio ; but this con- 
dition is impossible to attain in actual practice. 

The inclined plane. -A plane in mechanics is a rigid flat 
surface, and an inclined plane is one tliat makes an angle with 
the horizon 

An object is prevented from sliding down an inclined plane 
by a force less than the weight of the body. The force required 
may be measured by a spring balance. 

Tlie i*eason for the decrease of tension in an elastic cord 
attached to a mass resting on an inclined board, compared with 
the tension when the mass hangs freely, will he understood 
from the parallelogram of forces. Suppose an object (?(Fig. 61) 
is kept in position upon a smooth inclined plane by a force 
acting up the plane. The object is acted upon by three forces, 
namely, W, due to its weight, acting vertically downwards, P, 
^the force exerted up the plane, It the reaction of the plane. 
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The weight acting downwards is kept in e(j[uilibriuni by the 
forces R and ^ acting upwards. The last-named force repre- 
sents the effort exerted, and l)enig one of two it is less than the 
weight whenever the object lests upon tlie plane I^et OR and 
0 ir be drawn of lengths i*espectively pvojioi tional to the force 
exerted up the ]jlane, and the weight of the object 0. Oomplete 
tlie parallelogram PLWO^ and draw the diagonal OL, Tins 
jiarallelograin represents giuphically in magnitude and directum 
the forces in equilibrium when a body of delinito weight is kejit 
in position upon a smooth inclined plane, by a force acting 
up the plane. If the sustaining force acts hoiizrmtally, tlie 
parallelogram shown on the right in Fig. 61 rcjiresents the 
forces concerned. 

If we measure the force lequired to draw a weight up an in- 
clined plane, as in Ex])eiimont 22 iv., the results obtained show 
that the weight of the bucket and shot is less ilian that of the 
carriage and shot, and that the propoition whidi one bears 
to the other differs with different inclinations of the plane 
There is a definite relation between this proportion and the 
slope of the plane on which the wiriiagc travels. When the 
effort is exerted paiallel to the piano, this propoi tion is as 
follows • 

Weight . Effort . , Length of . Height of 
moved ( W) * exerted {P) ' ’ plane {AB) * plane {BO). 

This rule can also be deduced from the principle of work. If 
the carriage starts from A and moves to B, it is lifted through 
the vertical height BC. For this to take jilace, the effort will 
have to be exerted through a distance equal to the length of the 
plane A B. Tlierefore 

Weight _ Di stanc e throu gh which the effort is exer ted 
Effort ”” Vertical distance through which weight is lifted 
__ Length of plane 
Height of plane’ 

When the effort acts horizontally, the ratio which it bears to 
the weight is in the proportion which the base of the jilane A C 
bears to the height BG. 

A wedge can be considered to be two inclined planes base to 
base, this double plane being forced forward by an effort exerted 
parallel to the dii*ection of the base, 
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Tlie screw.— A screw iiiJiy be lefjarded as an inclined plane 
wound around a cylinder. This is easily seen in^ Eig 60 
Coin paling the svn*ew-constructiou now with an inclined plane, 
it will be seen that the 


height of inclined plane represents distance between threads, 
base of „ „ „ circuniforence of screw. 

The angle of inclination of 
the inchnod ])lane is represented 
by the angle EV!)^ and this 
detenu ines the pitch of the 
s(Tew. 

In considering the use of a 
screw, the i esistance to be over- 
come can be regarded as a 
weight upon an inclined plane. 
With a s<*row such as is shown 
in Fig 62 the effor t acts in a 
direction ]%^allel to the" base of the plane and under this 
condition 

Weight Effort . Base of Blane : Hhight of plane. 

Or expressing the proportion in the terms which apply to 
screws . 



V- 


Besistance : Effort • 


Circuhderencc . Distance between 
of screw ’ successive threads. 


When the force is applied at Z?, leverage is gained in the 
proportion of AE to and so further mechanical advantage^ 
IS obtained on tins account But, in order to advance the screw - 
by a distance equal to that between two successive threads, the 
end of the hand le B has to be turned tli rough a complete 
circumference. This fact can be used to deduce the mechanical 
advantage of a screw from the principle of work. We get, 
m fact, 

Res istance Circumference of circle described by power arm 
Etiort Distance between successive threads 

''' The wheel and-axle is a well-known contrivance used in 
raising water from a well. The resistance overcome is the 
weight of the bucket of water and the effort exerted is the 
force applied at the handle. The weight of the bucket acts 
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through the rope which coils around the axle and the effort 
acts at the circnvnfei ence of the circle described by the handle 
We may think of the machine therefore as consisting of two 
cylinders, as indicated in Fig 63 



The leve jp. a rm of the effort P is and that of the resistance 
is BC The proportion between these lengths is therefore 
that between P and W, or, 


W CA 
P^CB 


CHIEF POINTS OP CHAPTER VI 

Paral^rt^orces — The rh^Utant of a number of parallel forces is 
numerically emial to the sum of those which act m one direction, 
less the sum of those which act in the other dirgntion 
Moreover not only is the magnitude of the resultant of txvo 
parallel forces equal to the algghiaicaL sum of the components, but 
when there is e^^ibrium one force multiplied by its distance from 
the point of action of the resultant is equal to the other force multi 
plied by its distance from the resultant 
Centre of g^vity — The point through which the resultant of the 
parallel forces due to the weight of the individual pax^lfis of any 
mass, always passes is known as the centre of gravity of the mass 
The centre of ^vity of a body may be determined experimentally 
by allowing the body to hang quite freely and when it has eon|ie to 
rest tracing a vertical hne through the point of support by 
means of a straight edge By repeating the process for a second 
jKiint of support two such lines are obtamed, the m tensfecti on of 
|vhioh IS the centre of gravity 
Plates of all kinds balance about their centres of gravity 
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Positioiis of centres of gravity. — {a) Those of straight lines, 
circles, squares, and other tegular figuies, aie at their geometrical 
centres. 

[h) That of a parallelogram is at the intersection of its diagomils. 

(ci That of a tiiangle is on the line drawn from one of its angles 
to the middle point of its oppisite side, and at a distance ot one- 
thiril of this line’s leiigtli from that side of tlie triangle. 

Equilibrium. — In a liody in t‘(piilibrium all foi ces acting upon it 
balance one another. 

It IS in stable equililn'ium when any turning motion to which it 
IS subjected laises its centre of giavity. 

It is in unstable ^uiUbriinn w'hen any turning motion lowers its 
centre of giavity. 

It is m nvuttal equilibrium when the height of the centre of gravity 
i 3 unalfected by such ino\ enient. 

A maphine is a contrnance by means of wdiich a given force is 
made to re.sist or overcome another force acting in a contrary direc- 
tion, T , ' , 

A lever is k ligid Iwir which can b^i turned freely alniut a fixed 
point (tlie fiUcrum). The force exerted wlien using a level is called 
the*^^/o?'f, and the body lifted, or force overcome, the resistance. 

Classes of levers. — 1. Fulcrum is between icsistaneo and effort. 
Examples : soe-saw, pump-liandle, balance, crowbar. 

2. Hesistance is between effort and fulcrum. Examples : nut- 
cra<5kers, whecllxurow, and Ixiat oar. 

3. Effort between resistance and fulcrum. Example : pair of 
tongs. 

Principle of lever.— 

Force on ^ distance from _ force on ^ distance from 
, 1 , one side fulcrum other side ^ fulcrum. 

Moments.— The turning effect of a force is called the moment of 
the force. The moment of a force aliout any point is the ])roduot 
obtaimnl by multiplying the force by the perpendicular distance 
between the point and the line of action of the force. 

The mechanical advantage of a machine is tlu> ratio of the resist- 
ance or w<‘,ight overcome to the effort excited. 

The pi^ey. — With one fixed pulley no advantage is gained ; but 
every movable pulley used i educes )>y onodialf tlie effort required 
to su^iport or raise a given weight. 

The inclined plane. — An objixjt is prevented from sliding down 
a plane by a force l(*ss than the weight of the object. If the 
force supporting tlie liody acts parallel to the plane, then the 
weiglit of the Ixxly is to the effort exerted as the length of 
the plane is to the heiglit. When the force acts horizontally 
the ratio between the weiglit and the effort is that ot the base 
to the height. 

The screw. — Tlie principle of the screw is obtained fi*om that of 
the inclined plane. The resistance is to the effort as the cir- 
cumference ot the screw is to the distance fietwecn successive 
threads. 

The wheel and axle.-— This is the ordinary arrangement for drawing 
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water fiom well.s The* mcichaiiical mlvaiitage of the wheel and axle 
iH obtained from the ratio liotween the diameters of the wlieel and 
of tJie axle * 


EXERCISES ON CHAPTER VI. 

1. Descnlx^ the prinoiplo of the action of a simple level. 

A stiff wooflcii lod, SIX feet long, and so light that its weight may 
he neglected, lies upon a t.ihle, with one (mhI projecting tour feet 
over the edge. Upon the end of the kmI lying on the tdhle a weight 
of S Ihs. IS plaeed. What weight must l»c placed upon the other 
end so as just to tip the rod ’ 

2. What H a lever ’ What is the ** luleuiin *’ of a lever *■' 

Name four or five le^c‘rH in eoinniun use, and say where the 
fiileruin of each may be ’ 

3. What IS meant hy the resultant of two forces ’ 

Deaciihe an exporimeiil to ]no\e that the resultant of two parallel 
forces IS eipial to the algehtaic sum of th€‘ tore<‘s. 

4 How would you determine the centic of gravity of an iron 
hoop made hy jenning togt'ther tw'o semieireh's, oik* thicker than the 
othei ’ Ex})iain liow tlu‘ ohseivations could he used to find out 
which was tlie thicker halt of the hoop. 

5. How would you deteimine experimentally the centre of gravity 
of a .sheet of cardboard of iiieguLii shape ’ 

6. When is a body said to Ik* in eqiiilihnum’ Distinguish 
between stable, iiiistalile, and iieutial equilibrium What is the 
condition which determines the nature of tlie equilihnura’ 

7. A solid hemisphere made of uniform material is placed with 
any part of its (•ur\ed surface urioii a lion^ontal plane. Show that, 
however thus placed, it will alw’ays tend to a. position of stable 
cquilihnum with its flat .surface hori/xmtal and uppermost. What 
other positions of e(|uilihnuni are there? Wliich of them are stable 
and wnicli unstable ’ 

8. Being given an object like a sugar-bowl, how would yon 
propose to find experiiiieiitally the position of its centie of 
gravity’ 

9. A square sheet of eaiii^ioaid weigliiiig 8 oz*^. is suspended a 
tbr(*ad fastened to one corner, ami a weight of 4 f)Z.s is fastened to 
one of the corners adjacent to the esnnerof suspension. Draw a 
diagram to show the position in wdiich the sheet w’lll hang, and say 
what 18 the total weight that the thread suppoi ts. 

ID. Wlial is meant by the mechanical advantage of a machine ? 
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11. Doscrihe an advantageous method of using two pulleys, one 
being iixed. 

12. Find th(', force necessary to support a weight of 10 lbs. on an 
jjiclined plane, angle 30'’, (a) when the force is horizontal, {h) when 
the force is vertical. 

13. Indicate clearly how to calculate the mechanical advantage 
of the screw. 

14. Illustrate the ‘principle of work’ in the arrangement known 
as the Wheel and Axle. 



CHAPTER VIL 


PRINCIPLE OF ARCHIMEDES. 


23. FLUID DISPLACEMENT AND FLOATING BODIES. 

t Some thingrs sink others float in water.— Fill a iish-globe or 
finger-bowl with water, 
and carefully place lumps 
of diti'crcnt things, e.<f. 
pieces of lead, iron, oak, 
pine, and cork, one after 
another, into the w'ater. 

Observe that (1) some 
sink and others float, 

(2) of tlioso which flojit 
some sink further into the 
water than otliers. Take 
the objects which sink in 
water and place thorn in 
mercury. Notice that 
they float. (Fig. 64). 

iL Volume of water dis- 
placed by solids which float. 



Fio. 64, — When: substances are denser than 
wa^r-they sink in water; and if less dense, 
they 


(a) Obtain a rectangular rod of wood, 
i square cm. in section and alxrut 15 cm. long, with lines around it 
1 cm. apart. Gouge a small piece of 
the wood out of one end, and put lead 
into the hole ; flatten the end by filling 
in with wax. 

Put some water in the g^uated 
jar and notice its level. Find the 
weight of the rectangular rod, and 
then place it in the jar with the leaded 
end downwards. Notice how many 
cubic centimetres of the rod are 
immersed, and also how many cubic 
centimetres of water are displaced 
(Fig. 65). Since the weight of 1 cub. 
cm. of water is 1 gram, the number of 
cubic centimetres of water displaced 
is also the weight in grams of the 
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Fio. 66.— The number ef cubic 
centimetres in the part of the rod 
under water is oqqal to the hum- 
bei^of cubic centimetres of the 
water displaced. 
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water displaced. This weight will bo found equal to the weight of 
the whole rod. 

h) Fill the divided glass cylinder witli water up to a certain 
mark. Notice the level ot the water. 

Draw lines at ei^ual distances atiait across a narrow strip of paper 
and fix the pajicr inside a test-tube, as in Fig. 66. Float the test- 
tiilie in water m tlie graduated jar and 
put inercuiy or shot into it until a certain 
mark upon the strip of paper inside it 
IS on a level with tlie .surface of tlie 
water. Notice the number of cubic 
centimetres of watei displaced when the 
test-tube is thus immersed. 

Then take out tliii test-tube, dry it, 
and weigh it together with tlie mercury 
it contains. The total weight of the 
te‘<t-tubc and contents will be found 
eipial to the weight shown by the 
numlier ot eiibic centimetres of water 
di.splae(‘d Repeat the experiment with 
the t(\st-tul)e immersed to a different 
mark. 

Float the test-tube and mercury in spirits of wine and milk in 
succes.sion. Notice that in the former case it .sinks deeper than the 
mark, whiles in the other not so deep. 

(c) Place the loaded test-tulie or a hydrometer (1) in milk, (2) in 
water, (3) in a mixture of milk and watci. Observe the depth to 
which it sinks in each case. 



placed. 


Water displaced by solids.— If a solid one cubic centimetre 
in size sinks in water it pushes aside one cubic centimetre of 
water to ni»ike room for itself. If its size is two cubic centi- 


metre.s, it makes two cubic centimetres of water rise above tlie 
level tlie water had at fii’st. Whatever the size of the solid it 
must have room, and this room is obtained by displacing an 
amount of water of exactly the same size. 

Floating bodies. — A solid which sinks in water or any liquid, 
displaces a volume of lujuid equal to its own volume. When a 
solid floats, the case is slightly different. Part of the solid is in 
water and part out of the water, and, of coui-se, only the part 
immersed is pushing the water aside in order to make room for 
itself. In the case of a floating object, therefore, the volume of 
liquid displaced is equal to the volume of the part of the solid 
below the surface. 


When any object is floating in water, a certain volume of it 
is under water, and a certain volume is above the surface. 
The depth at which it floats depends upon its density. A rod 
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of heavy wood sinks deeper in water than a rod of light wood of 
the same size, il'he water displaced by the heavy wood has 
therefore a greater volume, and conse(|uently a gieater weight, 
than that displaced by the light wood. But there is one im- 
portant fact wliich applies to botli cases, and should be kept 
well in mind. It is that the weight of the water 
displaced by the immersed part of a floating object is 
equal to the whole weight of the object. If, there- 
fore, the question i.s asked, liow far does an object 
which floats .sink into water, the answer is — it 
goes on sinking until it hks displaced an amount 
of water having a weight equal to the whole 
weight of the floating object. 

Since the depth at ^^hIch an object floats in 
water is decided by this rule, we ha\e a ready 
way of deciding whether an object will sink 
further in another liquid or not so far. If the 
liquid into which it is put is less dense than 
water, like spirits of wine, it is clear that to make 
up a given weight we shall want more of the 
liquid. Consequently, to make up a weight equal 
to the weight of the floating body, the object will 
have to sink further into the spiiit than into the 
water. If, on the other hand, the object is placed 
in a liquid such as mercury, which i.s denser than 
water, it will not sink .so far, because it will not 
take so much of this denser liquid to have a weight 
equal to that of the floating b(Kly. 

The hydrometer. — Tlie construction of a simple 

, * JT JU» ■“.Ilk 

instrument called the hydrometer is based upon hydiometer 
these conclusions. The instrument is made in ing the^qual- 
various shapes and graduated differently accoi-d- It^ in'^caiied'a 
ing to the special use for which it is intended, lactometer. 
All hydrometers aro, however, used to measure 
the densities of fluids by observing the depth to which they 
sink when immersed in them. The lactometer is a form of 
hydrometer employed for measuring the density of milk. 
When placed in pure milk a lactometer should float with the 
mark P (Fig. 67) on a level with the surface of the liquid. 
In a mixture of milk and water the lactometer floats with 
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some other division level with the surface of the liquid Thus, 
in milk 10 per cent below the average density, the 10 above 
the P mark is level with the surface 
An experienced observer is, therefore, able from the readings 
of a lactometer to tell whether a sample of milk has a correct 
densit} , or whether it is heavier or lighter than it should be 
At the same time it must be clearly understood that it is not 
possible to decide at once from the reading of a lactometer 
whether a sample of milk has been adulterated or not There 
are other considerations to be taken into account 


2L THE PBINOIPLE OF AEOHIMEDES 


i Mnciple of Archimedes — (a) Suspend a metal cube or any 
other fairly heavy object from a spring balance and notice the 
reading of the balance This indicates the 

O weight of the object in air Immerse the 

cube in water as in Fig 08 and a^ain 
notice the reading of the balance It is 
less than before and the loss of weight 
shows the buoyant power or upward 
pressure of the water 
(6) Find the volume of the cube or other 
object used m the last experiment by 
noticing the volume of the water it dis 
places in a graduated jar 

Hang the object from one pan of the 
balance as shown in Fig 69 and determine 
its weight in grams Now bring a vessel 
of water under the pan so that the object 
IS immersed in it as m Fig 70 The pan 
rises Put gram weights in the pan until 
the balance sets horizontally as before. 
You thus find the loss of weight due to 
the buoyancy or upward pressure of the 
water Notice that the number giving 
this loss m grams is the same as that 
givmg the vomme of water in cubic centi 
metres displaced by the object 
(e) This principle viz that iphen an 
object IS immersea in water li 
a loss of weight equal to the weight qf wa^lj 
displaced can be convincingly demonatrsUiedJ 
as loUofwe — Suspend an object froiu the 
left hand pan of a balance Place in the 
short sofide pan a small measuring glass ^[raduated m cubic oent^ 
Comterppise suspended object and the measuring glahi 
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together Now pour water into a graduated jar until the jar is 
ahout two third^ full Notice the level Bring the jar under the 



P 


Fia 69 —Weighing an object in air 




Fio 70 —The same object weighed In 
water Notice that weights are in the 
short pan to make up for the buoyancy 
of the water 


short scale pan that the object is immersed as in Fig 71 Notice 
the amount of water displaced Put water gradually into the 
measuring glass by means of a pipette Equilibnum will be restored 
when the amount of water addea is equal to the amount displaced. 



IRto 71 .*^When an object is immersed in a liquid it experienoes a Hosa ot 
weight equal to the weight of the liquid displaced by it* 

SttOjWcy —Moat people have noticed when m a that if 
lli^ 18 toough, and titoy take Md o| edppc^ Oie 
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water buoys them up, or they experience a tendency to rise up 
through the water it is as if the water resists being displaced 
and presses the displacing object upwards. In the case of 
things which float, such as a wooden rod or a lead jiencil, 
the results of this buoyancy winch the water exerts can easily 
bo seen, by pushing either the rod or pencil down into the 
water and then letting go, when the solid lises up through the 
water. Even in the case of bodies which sink, theie is the 
same buoyancy on the part of the water, but it is not enough to 
float tlieiii. The eflect which the water has upon such bodies 
can, however, be seen in the loss of weight which they experi- 
ence if they are weighed by a spring balance when hanging in 
water (Fig. 68). 

Loss of weight of things immersed in water.— It is easy 
to prove by experiment that an object weighs less m water 
than out of it. If a cubic centimetre of lead or any other 
heavy material, is hung from a spring balance and then sus- 
pended in water, it will be found to weigh the weight of one 
gram less in water than out. If two cubic centirneties are 
suspended from the balance, the loss of weight is the weight 
of two grams. In every case the loss of weight measured in 
this way is equal to the number of cubic centimetres of the 
solid immersed in the water. The loss is thus equal to the 
weight of the water displaced. This fact brings us to a highly 
important conclusion, known after its discoverer as the Prin- 
ciple of Archimedes. 

The Principle of Archimedes. — When a body is immersed in 
water it loses weight equal to the weight of the water displaced 
by it. — If the body be immersed in any other liquid, then the 
loss of weight is equal to the weight of an equal volume of that 
liquid. It does not matter what substance the thing is made 
of ; the amount of loss of weight depends upon the volume of 
the part immersed, and not upon the material. 

This principle explains many interesting facts. For instance, 
a ship made of iron, and containing all kinds of heavy things, is 
able to float in water although the material of which it is made is 
denser than water. This is because the ship and all its contents 
only weigh the same as the volume of the water displaced by 
the immersed part of the hull. Or, the ship as a whole weighs less 
than a quantity of water the same size as the ship would weigh. 
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Now, too, it can be seen why some solids float and some sink 
When an objecji weighs more than an equal volume of water 
it sinks W'hen an object weighs less than an equal volume of 
water it floats When an object weighs the same as an equal 
volume of water it remains suspended in the water 
A balloon rises m the air because the gas in the balloon, 
together with the bag and tackle, weighs less than an equal 
volume of air If the balloon were free to ascend it would rise 
to a height where its weight would be equal to the weight of an 
equal vnlume of the air around it 

26 RELATIVE. DENSITY 


» 1 Detwmiliation of density of solids — (a^Suspend the solid the 
densitjTof which is to be determined to one^side of the b a^o e 
letting it hang m an empty beaker standing upon a platform Jff, 




Fio 72 —How to find the weight of an object suspended In water 

as shown m Fig 72. Find the weight of the object Then pour 
water into the neaker and find the weight of the object when 
immersed in water By subtracting the number thus found from 
the weight of the object in air determine the loss in weight of the 
solid when suspended in water 

{h) Another plan of determining the weight of an object m water 
was explamed in the lost section tFig 70) 

This loss of weight equals the weight of a volume of Wd«tei^ e<|||al 
to veflume of tl^ solid We can theref<MPe wnte^ 4 ^,.M.- 

of the soliam ^ 


Relative density of solida 


Its lop Qf wmght ifiyfBiim ^ 
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How the relative density of a solid is detennined.~The 

fact that when a body is immersed in water it loses weight 
equal to the weight of tlie water displaced by it, provides a 
means of determining the density of a solid compared with 
water 

All it is necessary to know is : 

1. The weight of tlie object ; this can bo determined by 

weighing it in air. 

2. The weiglit of an equal volume of watci. 

The Principle of Archimedes enables this to lie done in the 
following manner : 

The object is suspended by means of a fine thread, from one 
side of the beam of .a balance in such a way that it is completely 
immersed in water. Then by weighing it is found that the 
weight is less than when lianging in air, on account of 
the loss of weight in the water. The buoyancy of the water 
acting upwards overcomes part of the pull of the earth down- 
wards. The difference in the weight of the object in air and its 
weight when immersed in water gives the weight of a volume 
of water equal to the volume of the object. Prom these numbers 
the density of the solid compared with water as a standard can 
he at once calculated. 

Eelative density of the\_ weight of the objecWi^ir 
solid J weight of an oquaX volume of water 

_ weig ht in air 
"loss of weight in water’ 

To find the weight of an equal volume of water, the object 
could be placed in a graduated jar and the amount of water dis- 
placed could be taken out and its weight determined. Or, if the 
number of cubic centimetres of water displaced is observed, 
the same number shows the weight of the displaced water in 
grams. 

Example. — A piece of lead was found to have a weight of 
100 grams in air, and when suspended in water its weight 
appeared to be 90 grams. Wliat is its density compared wdth 
water ? 

What must lie done with these numbers to find out the density 
of the lead compared with water ^ Two facts must be known 
—first, the weight of the object in air, and secondly, the loss of 
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weight in water, as this gives the weight of an equal volume of 
water. The loss of weight is obtained by subtraction, thus : 

Loss of weight = - [ the weight in water 

— weight of 100 grams - weight of 90 grams 
= weight of 10 grams. 

Density of the lead=^^=10 

As the density of this piece of lead is 10, one cubic centimetre 
of it will have a weight equal to that of 10 grams Also, since 
the weight of the piece of lead used in the example is 100 grams, 
the volume must be ten cubic centimetres. 


. CHIEF POINTS OF CHAPTER VII. 

Floating bodies. — When an ohje^rt floats in a liquid, the resume of 
litjiud displaced is equal to the volume of the immersed portion of 
the object. 

The weight of the liquid displaced by a floating object is equal to 
the weight of the object. 

The hj^ometer. - -The hydrometer is a practical apjilication of 
the principle of floating bodies. It consists of a suitably loaded tube 
which IS giaduated in such a manner that the level at which it floats 
indicates the density of the liquid in which it floats. 

The lactometer is a special form of hydrometer used in testing 
milk. In using it, however, certain othei facts, as well as the 
density, have to be taken into account before pronouncing upon the 
purity or otherwise of the milk. 

Principle of Archimedes. — When a Ixxly is immersed in a liquid it 
loses weiglit equal to the weight of the liquid displaced by it. 

Expressed (fifferontly, the up-ttirust expc'iieneed by an object in 
water is equal to the weight of the wattT displaced. 

It is in consequenee of this that liodies which arc bulk for bulk 
heavier than water, sink, and those bulk for bulk lighter, float. 


EXERCISES ON CHAPTER VIL 

1. Define mass, volume, and density, and state the relation that 

exists between them. , ' 

Suppose you were given two irfemilar pieces of metal, one of 
which was gold and the other gilded brass. How w^iuld you find 
out, by a physical method, which piece was gold ? 

2. Explain wliy a ship made of iron will float in water, though 
iron itself is heavier, bulk for bulk, than water ? 
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3. A number of nails are driven into a rough piece of wood, ono 
cubic centmietrc of which weighs 0*5 grain. It is required to find 
the weight of the nails without pulling them out. How could this 
be done by (5xperinK*nt ? 

4. A bottle weighs 2 ounces. When holding ounces of shot it 
will just float in.water, when holding 3 ounces it will just float in 
oil, and when holding 3J ounces it will just float in brine, hind the 
specific gravity of the oil and the brine. 

5. A piece of metal weighs 19^ grams in air, and 17i grams in 
water. What is its specific gravity ? 

With what apparatus and in what manner would you find the 
weight m water ’ 

6. A stone, weighing in air 1 kilogram, is suspended by a piece 
of cotton so that it is entirely immersed in water. On attempting 
to lift the stone out of th(‘ water the cotton breaks when the stone 
is partly out of we ter. Why is this ? 

If, when the stone is completely immersed, the cotton would bear 
an additional pull equal to the weight of 150 grams, what volume 
of the stone will be out of the water when the cotton breaks? 

7. A beaker of water stands on the pan of a table spring balance. 
A block of iron hangs from the hook of an oidinary spring Iwilancc, 
and is gradually lowered into the water till completely submerged. 
Will there be any changes in the readings of the balances ? If so, 
what changes, and why ? 

8. Two ])locks of glass, each having a volume of 10 c.c., are hung 
from the scale-pans of a balance by means of hooks under the pans, 
and balance ono another. Under one is brought a boakei of water, 
under the other a beaker of alcohol, so that the blocks are immersed 
m the li([uids. The balance is now disturbed, and it is found that 
1 *82 grams have to be added to one pan to restore equilibrium. To 
w’hich pan has this weight to lie arldiMl, what is the explanation of 
the fact, and how can you determine from the figures now at your 
disposal the density of the alcohol ? 

9. Explain the statement that the specific gravity of iron is 
7*8.” Describe one method of finding this specific gravity. 

10. What do Ve mean when we say that the “specific gravity ” ot 
mercury is 13^ ? What things are necessary for the experimental 
determination of this specific gravity ’ Say how you would proceed 
to make the determination. 

11. Explain how you would ascertain (1) the volume and (2) the 
specific gravity of an apple or potato, 

12. A porcelain weight of one pound breaks into two unequal 
fragments. How could you with mt using a spring balance or 
ordinary balance determine the weight of cacli fragment ? (Certi- 
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FLUID PRESS UKE. 

26. PRESSURE OF LIQUIDS. 

L Relation between pressure of liquid and depth.— (a) Bend a 
piece of glass tubing, as shown in Fig. 73,* the long arm having 
a length of about 40 cm. 

Mount the tube firmly upon 
a strip of wood having half- 
centiinctre divisions marked 
upon it, or uptm a metric 
scale. Pour enough raer- 
. cury into the tul>o just to 
fill the bend. Notice that 
the level of the mercury is 
the same in the two arms 
of the tube. 

Lower the frame into a 
tall jar of water so that the 
open end of the short ai-m' 
of the tubes is 10 cm. below 
the surface of the water. 

Notice the diireroiice of 
level of the mercury in the 
two arms, and record it. 

Lower the tuljcs an addi- 
tional 10 cm. and observe 
the effect. Then lower the 
frame as far as it will ^o, 
and again note the difl’er- 
enee between the heights of 
the mercury in two arms. Pm. Arrange- Fra. 74.— Airange- 

(h\ -nroofHlintr Hient for detfermin- . ment for showing 

(ft) Kepcat tnt prcceoing . prosaure of that pressure in any 

exercise, using turpentine, at different partfcular li<^id de- 

or a strong solution f irsalt , or depths. pends only up depth, 

any other convenient, trans- ? 

parent liquid instead of water, and record your results as before. 

(c) To show that the pressure in any particular liquid depends only 
upon the depth, mount two tubes upon a frame, as shown in Fig. 74 - 
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one with tlic lower opening turned upwards, and another with the 
opening poiiitiirg sideways. Pour the same quantity ot mercury into 
the tubes. Arrange the tubes so that tlu; lower openings are at the 
same level. Lower the frame, a tew centimetres at a time, into water, 
and observe the difierence of level of mercury produced in each tube. 
> {d) Immerse the tubes to any level which causes the 


mercury to rise by a clearly-marked amount. Turn the name to 
face in various directions, keeping it at iho same depth, and notice 

that the pr(‘ssure, as 
^ J fS'- indicated by the use of 

nieicury, is the same in 
y all diTcetions at any 

V particular dejith. Test 

this lor several depths 
ii. Pressure of liquid 
A 1 independent of the form 

II R volume of contaih- 

II 1 i| ing yessel. — (a) Bend a 

II i I short h'ligth of fairly 

I '! wide glass tubing into 

I if I; a |j-forni, as shown in 

I ,( ^ Fig. 70. Fit a short 

1^ il piece of india-rubber 

«||l|psf|n I ' ll' tubing on the short arm. 

ll ill W Pour sufficient mercury 

I ,1 1 ' ili cover 

I I, H ^Iji tlie bend. Connect a 

I ri ~ n ■ V ■ V-- straight piece of glass 

- I II U ■ " tubing with the india- 

~ 1 rubber, and introduce 

watcT into it. Measure 
' ' .1 ^ tlio differcnec of lieiglit 

*-K — ~ of the mercury in the 

Fio, 7* -Experiment to show that liq«.d pro^ prodnccil by 

auro Is mdepoudent of tho form of coutamiug pressure oi the 

vessel. column of water, sub- 


stitute a fiujnel, or a 
curved tube for tho straight one, and fill it to the same height with 
water. Measure again the difference of height of the mercury in 
the two arms of the (j-tube. The pressure upon tho mercury 
depends merely upon tho height or the head of liquid. 

iii. Upward pressure of liquid. — (a) Procure a piece of wide glass 
tubing, or a straight lamp glass, having one end flat. If stiff leather 
is available, cut out a disc of slightly larger diameter than that of 
tho glass, and pass a Tsnotted thread througli its centre. If a 
leathern disc cannot bo obtained, make a disc of wood or stiff caj^d- 
bj>ard. Hold. the disc tiglitly upon the flat end of the glass by 
moans of the thread, and while doing so, lower the glass into a jar 
of water (Fig. 76). When the end of the glass with the disc upon 
it is a few inches below the surface of the water, the thread can be 
released and the diso will be found to remain in its position. 
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Pour water very gently into the inside of the glass, and notice the 
height inside and out at tliat moment when sutiieient water has 
been introduced to make the disc di*op. 

The pressure a liqjud exerts depends upon the depth 
below the surface. — Since water and other liquids are 
material substances, they are pulled downwards by the 
attractive force of the earth. The amount of this pull 
measures tlieir weight. The greater the distance below the 
surface the longer is the column of lic^uid above any area under 
consideration , and, as a natural consequence, the greater is the 
weight of the column of liquid above the given area. 

The weight of the column of liquid above unit area, say a 
square inch, at any dejith, measures the pressure of the liquid at 
that depth, and this pressure increases from the surface of the 
li(piid downwards, and is, indeed, diicctly proportional to the 
depth. Moreover, as tlie pressure is measured by the weight of 
the column of liquid abr)ve unit area, it is clear that the denser 
the licpud the greater is the weight of a column of it, and the 
greater the pressure it exerts. 

The pressure per unit area exerted by a liquid depends only 
upon the depth. Tlie direction is immaterial, a fact which is 
clearly brought out by Experiment 26 i. (d\ where it is seen that 
whatever the direction in which the open ends of the bent tubes 
containing mercury point, the difference in height of the level 
of the mercury in the two limbs is the same when the depth of 
the open ends of the tubes beneath the water is the same. 

Relation between the pressure of a liquid and the area 
upon which it acts. — The piessure upon a given area at any 
depth below the surface of a liquid is measured by the weight 
of the column of liquid above it. So long as the depth remains 
the same the pressure upon unit area, a square inch for instance, 
remains the same. But the larger the number of square inches 
upon which the pressure of liquid is felt, the greater the tqtal 
preaaure upon the area. These facts may be expressed by saying 
that the total pressure varies in proportion to the areas of the 
surfaces at any given depth ; or, though the pressure (which 
means per unit area) at any given depth is constant, the total 
pressure is dependent upon area. 

These considerations, too, provide an explanation of Experi- 
ment 26 ii., where vessels of different shapes and volumes are 
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attached, one by one, to a bent tube with mercury in its bend 
(Fig. 76). In the circumstances of the experiment, the difference 
in level of the mercury in the two limbs of the tube containing 
it remains the same, and consequently the piessure exerted by 
the water is the same whichever of the variously sha])ed vessels 
is attached, provided that the vertical height of the li<iuul in the 
tubes is the same. It is necessary to remember that the height 
and cross-area of the column of liquid, and the density of the 
Iniuid, are the only things wdiieh alter the pressure. None of 
these factors vary, however much the shape of the vessel alters. 
Whatever the shape of the vessel, it acts just as if it were of the 
simple cylindrical form shown m the middle of Fig. 75 Wlieii 
the wide vessel is attached to the bent tube jnovided with 
mercury, the effective pressure at the base is due to the water 
contained by a cylinder of cross-sectional arei equal to that of 
the upper surface of the meicury, and a vertical height equal to 
that of the water in the vessel above the mercury 
Upward pressure in a liquid. •'-It has been seen how the 
pressure at any point in a liquid is estimated, and how the 
amount of such pressure is deter- 



Fw 76.~ Upward pressure of 
.i IkiukI. 


mined. It has also been proved by 
experiment that the pressure is the 
same in different directions. It would, 
consequently, be surmised that the 
pressure acting vertically upwards at 
a point in a liquid is equal to tlie 
downward pressuie of the Injuid above 
the point. That this is actually true 
IS easily demonstrated by the simple 
apparatus shown in Fig. 76. A wide 
glass cylinder, one end of which is 
covered with a disc of leather to 
which a string is attached, as shown 
in the illustration, is lowered into a 
licjuid. It is found that water may 
be poured into the cylinder, without 


disturbing the disc, until the level of the water inside the 


cylinder becomes the same as that outside ; but, if more water 


be added, the downward pressure on the upper surface of the 
disc now exceeds the upward pressure of the outside liquid on 
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the lower surface of the disc, which is therefore forced down- 
ward. So longtas the level of the water inside the cylinder is 
below that of the water outside, the upward pressure on the 
disc from outside exceeds the downward pressure from inside, 
and the disc is held firmly against the end of the cylinder. 
When the water level is the same inside and outside the cylinder, 
the disc is acted upon by exactly equal upwaid and downward 
pressures. 


27. THE PRESSURE OF THE ATMOSPHERE. 

i. Atmospheric pressure. — (a) Tie a piece of thin sheet india-rubber, 
such as that used in toy air-halls, over the top of a funnel. While 
the rubbe^r lemains fiat the pressure is evidrutly the same on both 
sides of it. Blow into the funnel. Explain why the india-ruhher 
IS forced out. »Siick the air out of the funnel. What is pressing 
upon the outside and forcing the india-ruhlHT into the funnel? 
Suck the air out of the himiel and place your thumb over the open 
end so as to prevent air from entering. Ihirn the funnel m vaiious 
directions and see wliethei you can detect any difference in the 
amount of bulging of the india-i libber. If not, you may conclude 
that tho picsHurc of the air upon the outside is the same in all 
directions. 

(fj) Fill a gas collecting jar, or a tumjiler having a flat ripi, with 
w'ater ; cover it with stout paiier ancF nivert. Why does not the 
water drop out ? 

(c) Place in water one tulie of the Hare’s apparatus for deter- 
mining density (p. 64), and tlie other tube in mercury. Suck out 
the air. The li<|uids rise. Why? Nofico the diflerence in the 
level of the mercury and the water. Explain the cause of tins 
difference. Let one of the tulies of the Hate’s apparatus he much 
wider than the other, Place the ends of the tubes in mercury, and 
suck out the air. Ts tlieie any difference m the height of the 
mercury in the large and .small tulies ? 

The pressure exerted by the atmosphere.— The gaseous 
envelope which surrounds the earth is a fluid, and the pressure 
it exerts at different distances from the earth varies consider- 
ably. The condition of things is different from what has been 
found in the case of liquids. Gases arc easily compressible. 
The oonseciuence is, in the case of the air, that the pressure is 
greatest near the earth or at the bottom of the gaseous ocean 
round the globe — for so we may regard the atmosphere. But 
the pressure does not increase in the same simple way as in the 
case of water. At a point midway between the surface and the 
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bottom of the water in a tank the pressure is just half of that 
at the bottom of the tank But in the case of the air the 
pressure at a height of miles is just 
half that at sea level, though the atrao 
sphere extends for as much as 160 miles 
from the earths surface Owing to 
the compressibility of air the lower 
layers are much denser than those at a 
greater height they are consequently 
heavier bulk for bulk, and are able, 
per unit volume, to exert a greater 
pressure 

J ust as in the case of water, however, 
the deeper we go into the gaseous 
envelope, that is, the nearer the earth 
we get, the greater is the pressure the 
air exerts Or, conversely, the higher 
we ascend into the atmosphere, or the 
farther from the earth’s surface we 
travel, the smaller is t^e pressure of 
the air, simply because, as we ascend we 
dimmish the column of air above us. 


28 MEASUBEMENT OF THE 
. p PBESSUBE OP TIJB ^ 

J ^ \ The principle of the inefoMtoa=1>aro- 
mstor —Procure a barometer tube and fit 
-7 a short piece of india rubber tubing upon 
its open end Tie the free end of the 
tubing to a glass tube about six inches 
long open at both ends Best the baro 
meter tube with its closed end downwards 
and pour mercury into it (being careful to 
Wfrt A remove all air bubbles) until the liquid 

ThB p™ure reaches the short tube Then fix the 

sphere aijrangement upright as m Eig T7 The 

^ mercury in the long tube will be seen to 

so as to leave a space of a few ipehes 
MAsdnii^ube. between it and the closed end The dip*^ 

i tanoe between the top of ik^ mereuiy 

eohunn in the closed, tnbe and the surface of that in the op^ tube 
WUlj be found to be aopnifiO inches 
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li TH® olBtem barometer —Procure a thick glass tube about 36 
inches long and#3losed at one end Fill the tube with merotiry 
place youi thumb over the open end invert the tube, place the 
open end in a cup of mer 
cury and take away your 
thumb (Fig 78) Measure 
the distance from the sur 
face of the mercury in the 
basin to the top of the 
mercury column 

Slant the barometer and 
measure the vertical height 
of the mercury by means 
of a plumb line Compare 
it with tEeprevious reading 

The mercunal bare 
meter — The apparatus 
represented in Fig 77 
calls to mind the U tub e 
method of detei mining 
densities by balancing 
columns of liquid (p 
63) Here, however, the 
column balancing the 
mercury in the tube A 
IS not apparent The 
experimental fact that 
the column A does not 
rush up through 0 to 
adjust the liquid levels 
to equality demands explanation Eemember that the fop iA 
the column 4 is closed and protected while 0 is open Some 
thing acts at 0 and is capable of sustaining the column A 
This something is the weight of the air In fact, a column of 
air many miles high balances a column of mercury about 30 
inches high 

^ If, however, a h^le were made in the closed end of the tube 
the ba lanc e would be distuibed, and the mercury would fall 
the long tube and flow out of the short tube 0 

J The colum n of mercury is kept in its position by the weight 
of the atmosphere pressing upon the surface of the mercury 
in the short open tube The weight of the column of mercpry 
mA the weight of a column of the atmctsphere with the 



Fki 78. —Construction of a barometer 
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sectional area is exactly the same ; both being measured from 
the level of the mercury in the short stem o^, the apparatus 
shown in Fig. *77, the mercury column to the top of the column 
in the long tube, the air to its upper limit, which, as has been 
seen, is a great distance from the surface of the earth. If for 
any reason the weight of the atmosphere becomes greater, the 
mercury will be pushed higher to preserve the balance ; if it 
should become less, then similarly the amount of mercury which 
can be supported will bo less, and so the height of the column of 
mercury is diminished. 

The heiglit must in every case be measured above the level 
of the mercury in the tube or cistern open to the atmosphei'e. 
In the usual arrangement, illustrated by Fig 77, a line is 
drawn at a fixed point 0, and the short tube is shifted up or 
down until the top of the mercury in it is on a level with this 
line. 

Tlie student will now understand why it is so necessary to 
remove all the air bubbles in Experiment 28 i. If this is 
not done, when the tube is inverted the enclosed air would rise 
through the mercury and take up a position in the top of the 
longer tube, above the mercury. The reading would not then 
be thirty inches, for instead of measui ing the whole pressure of 
the atmosphere, what we should really be measuring would be 
the difference between the pressure of the whole atmosphere and 
that of the air enclosed in the tube. In a properly constructed 
barometer, therefore, there is nothing above the mercury in the 
tube except a little mercury vajioui. 

An arrangement like that described constitutes a barometer, 
which may be defined as an instrument for measuring the pressure 
exerted by the atmosphere. 

The cistern barometer, — Other forms of barometer are often 
employed for the determination of the pressure of air. A very 
common arrangement is that of Experiment 28 ii., which is 
a repetition of one by an Italian physicist, Tfujicelli. The 
principle of its action is precisely that of the barometer just 
described, except that tlie U-tube principle is not immediately 
apparent. There is, however, the same balance maintained 
between the column of mercury in the tube and a column of 
air outside it, pressing down upon the mercury in the basin. 

A column of mercury will be supported in the tube by the 
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pressure of the atmosphere The distance between the top of 
the column and^the surface of the mercury in the cup will be 
about 30 inches, or 76 cm , when the tube is vertical (Fig 79, 6) 
If the tube is inclined so that the closed end of it is less than 
this height above the mercury m the cup (Fig 79, c) the mercuiy 



Fio 79 —TheWmosphere at sea level will support a coluenr-oF mercury 
up to 30 inches or 70 cm in lejogth 


fills it completely and if the tube is less than 30 inches long, it 
is always filled by the mercury whether it is inclined or not 
(Fig 79, a) On an average the atmosphere at sea level will 
balance a column of mercury 30 inches in height No matter if 
the closed tube is 30 feet long, the top of the mercury column 
will only be about 80 inches above the level of the mercury m 
^ basin 

The empty space above the column of mercury in the tube m 


^ten referred to as the t o w^lBaa vi^ow^ 


I m 
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Fio 80 -^Two forms of appai^tus to show the relation between the 
pressure and yolume of a gas 


a piece of stout mdif^rubber tubing about a metre 
upoh the open end of the tube and fix the other end of the 
^pon a glm tube ftbout 20 cm long open at bhtb ei}d«» 
oareJ^Uy dll the tubes with mercury until the level of tlie liquid 
if about 10 cm from the open end. Afterwards iit th^ olpeed 
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tube upright in a retort stand with ilie scaled end upwards, place 
your finger upon the ojien end of the other tube, and lower the 
open end so as V) make the air pass into the closed tube. This 
apparatus will enable you to measure the expansion and com- 
piession of air. 

Support the tube B with its open end upwards, and at such a 
hciglit that the mercury stands at the same level in the closed and 
open tubes. The imprisoned air is then at the same pressure as the 
air outside. 

If the closed tube is uniform in bore, and the inside of the sealed 
end is nearly fiat, the volume of the imprisoned air is proportional 
to the length of tube occupied by the air, so that if the air is 
made to occupy one-half the original length of tube its volume is 
one-half the original volume. Tlie pressure upon the enclosed air 
is equal to the pressure duo to the column of mercury between 
the lev(*l of mercury in the closed tube and that in the open 
tube, plus the pressure of the atmosphere. Observti the height of 
the barometer, and make the difference of level of the mercury^n 
the two tubes equal to it by lifting the open tube. Then record 
as follows : 

Height of the barometer, 

Length of air column when the mercury is at the 
sajne level in both tubes, that is, w'hen the im- 
prisoned air IS at atmospheno pressure, - 
Height of lurometer. . cm. -i- equal height in 

tmie, - - • - 

Length of air column under pressure of two 
atmospheres, 

The pressure to which the enclosed air is subjected in the second 
case is double that in the first case; find the amount by which 
the* volume of the air, represented by the length of the air column, 
has been diminished. 

(6) Lower the open tube until the air in the closed tube almost 
reaches the india-rubber junction. Measure the length of the air 
column, and the difference of level of the mercury in the two tubes. 
Repeat tlie experiment by reading the volume of air and the head of 
mercury at every few centimetres up to the highest point you can 
raise the open tube. Record your results as indicated below : 


Height 
of Barometer 
m cm. 

Difference of 
Level of 
Mercury m cm. 

Total PresHure 
on the Air, 

P, 

Volume of 
Air, F. 

Volmne x 
Total 
Pressure. 
(PXF.) 


• 





cm. 

cm. 

cm. 

cm. 


L.S. Is 


H 
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U. A simple form of Boyle’s Law apparatus. — Procure a length of 
thermometer tubing, AH (Fig 81), about 75 cm. long and 1 mm. 

bore. Seal it at H anil expand tlio end A some- 
' what. (vlap'P vertical position by the 

side of a metre scale, and connect a small funnel 
to A by iiu'ans of a sliort piece of rubber tuTung 
Pour a little pure, elean nicicury into the funnel 
and induce it to run down the bore of the tube 
by inserting a tlnn, clean, steel wire. In this 
way any desitvd \oluitio of air can be enclosed. 

The length of tlie coliinni of enclosed air may 
be taken to i (‘present its vohtvte (!’'). If H — i]\L 
h(‘ight of tlie Uiroiuett‘ 1 , and /i — the length oi 
tlie mcrcuiy thread (both expiesscd in the same 
' units), L]u‘n the total pressure on the enclosed 
air— (/A 

Introduce more mercury in the same manner, 
and m this way alter the values of V and h. 
The volume of the air under thi' pressuic of 
the atmosphere alone can be obscrvi'd by laying 
the glass tube Hat on the table. 

Perform several c'xpi'nments and record your 
I I results m the following w’ay . 


Volume ( F). 

Picssnre (//+//). 

V olume X Pi essui e. 





Boyle’s Law,— Befoie a student can clearly 
understand how and why the density of the 
atniospbeie vanes (p. 107), it is necessary to 
become acquainted with the rule expressing 
the relation between the volume and pressure 
of a gas. This can be satisfactorily done by 
one of the forms of apparatus employed in 
Experiments 29 i and 29 ii., which provide a 
means of subjecting an enclosed quantity 
of air to varying pressures, by the addition 
of smaller or larger (luantities of iiierciiry. When in the 
apparatus shown in Fig. 80 the mercury in both tubes stands 
at the same level, the enclosed air is at the same piessure 




Fig 81 —Simple 
form of apparatus 
for verifying Boyle's 
Law. 


as the air of the room, but as the tube B is raised, the 
mercury in it stands higher than that in and the air enclosed 
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in A is under a total prmsiire equal to the sura of that due 
to the atmosplien" and tliat due to a column of mercury equal 
ill length to the difference of levels of the mercury m A and B. 
In these circurastaiiccs the volume of the air in A decreases, and 
it decreases more and more as the total pressure is increased. 
When the results of experiraents with any satisfactory form 
of apparatus are tabulated, cei*tain very important relations 
between the volume of a gas and the pressure to which it 
is subjected become evident. It is found that the volume 
regularly diminishes as the pressure is increased, and in the 
same ratio. The converse is also found to be true, viz., 
that wdien the volunio of a gas increases the pressure upon it 
has diminished, and e\a<‘tly at the same rate. 

But, ill both these cases, it is understood that the temperature 
of the gas remains tlie same, that is, the temperature of the gas 
under the different pi*essnres must not alter. 

The tabulated results of the experiments reveal another 
important relation, which is, however, another way of express- 
ing those already noticed. It is found that, wdien there is 
no alteration of tempei ature, the product obtained by multiply- 
ing the volume of a given quantity of gas by the pressure to 
which it IS subjected is always the same, or remains constant. 

These facts were discos ered hy Boyle, and are included in 
what is knosvii as Boyle’s l^iw. It can be expressed by sa^"' 
that wlieii the temperature remains the same, the volu'' 
given mass of gas vanes inversely as its pressure 
is the same thing, the temperature remaininr 
product of the pressure into the volume of a 
is constant. 

But it has been seen that if the voliim 
weight of a substance is increased, its do 
the volume is dec'reascd, its density is 
decreasing the volume of tlie enclose* 
ment, its density is increased. The 
increase of pressure are propoitio? 
difficult to Jipply these facts to the 
has been lear nt that the pressure 
we ascend, and we are now able t 
"also and at the same i^ite. The 
that at the surface of the ear^ 
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of mines and other cavities below the surface, where the air is 
denser still. The air gets less dense, or rarer as we leave the 
earth’s surface, until eventually it becomes so rare that its 
existence is practically not appreciable. 


30. SOME INSTBUMENTS DEPENDING UPON FLUID 
PRESSURE. 

i. The air-pump. — (a) Select a cork or india-rubber stopper winch 
will fit tightly into a brass or glass tube about a ccntiTnetic in 
diameter. Bore a hole through the cf>rk lengthways, and tlieii tie a 
narrow strip of gold-beater’s skin, or oiled silk, over one* end of the 
cork so as to cover the hole. You will find that the silk does not 
prevent you from blowing through the cork from the open end, hut 
that you cannot suck air through. An arrangement of this kind, 



Fio. 82.— -Mudol of an air-i>uiiQp 


which allows a passage in one direction hut not m tlie other, is called 
a dfjUve, Wax the cork and fit it tightly in the brass tube (which 
should bo about a foot long) so that the valve is inside. Push a 
Tiilar valve half way through another brass tube of alxiut the same 
but wider, and wrap darning cotton around the stop^ied end 
’•row tube until this tube lits nicely into the wider one, and 
^ to and fro like the piston of a popgun. Fit a short 
lork at one end of the wide tube, as in Fig. 82, and 
ry into it. The instrument you have eonstructed 
n principle as a simple air-puinp (Fig. 83). 

' on the piston, eitlier with oil or water, 
to the enclosed air in the wide tube, and 
^ercury in the U-tube are aflectcd, m each 
) When the pistrin is pushed inwards ; 
lied outwards. Explain how such an 
i* enclosed air to be rarefied. 

''xamiiie a glass working model of a 
the pump to lift water, and explain 
at both the valves open outwards or 

siphon by bending a glass tube in a 
'i about 6 inches long and the other 
ith water, either by placing it in a 
open end with one of your fingers 
g water through it us when using 
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your pipette Allow the siphon to empty itself from which end 
does the water flow ’ 

Fill the siphon mgam dip the short limb in a beaker of water and 
notice what occurs when you take your finger from the long arm. 
Fill again and let the water flow into a tall narrow vessel Keep 
the beaker full of water and notice when the flow of water stops 

(6) Connect two short pieces of glass tubmg with india rubber 
tubing Fill the tubes with water and insert the ends below the 
surface of water in beakers or flasks about half full loft one of the 
flasks and notice the flow of water which takes place Show that 
no flow occurs when the level of liquid is the same in both vessels 
Test whether a flow takes place when the bend of the india rubber 
IS below the lower of the two vessels 

Observe whether a siphon will act if there is a hole in it 

The air pump — Several forms of air pumps are m use, but m 
this place it will be sufficient to describe one of the simplest, 
that designed by Hawksbee, the essential parts of which are 
shown in Fig 83 v F is 
the receiver, from which 
it IS required to remove 
air The plate on which 
V rests IS connected with 
a cylinder 0 by means of 
a tube, shown in the illus 
tration, bent twice at 
right angles At the end 
of this tube, remote from 
the receiver and just at 
the bottom of the cylin 
der Ov, is a valve V Fio 83. —Simple form of air pump, 

opening upwards In ^ 

the cylinder works, m an air tight manner, a piston pro* 
vided with a valve opening upwards and a handle for 
pulling the piston up and pushing it down is provided The 
action IS very simple Imagine the piston to be at the bottom 
of the cylinder to begin with, and that it is then gradually 
pulled up As this takes place, the air in the receiver and 
below the valve v is subjected to a diminished pressure, and 
cohee^juently expands, filling the space which is formed as the 
p|s|#n moves upwards This continues until the piston amves 
at end of its stroke The piston is now pushed down This 
eih|||tas6d the w between and v and increases its prmme^ 
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causing the valve v to shut But as the piston descends the 
pressure on the under surface of the valve v becomes greater 
than that of the atmosphere upon its upper surface, with the 
result that the valve v opens upwards and the air in the space 
vv rushes through the open valve into the outside air The 
final result, when the piston reaches the bottom of the cylinder, 
IS that there is less air in the receiver and tube connecting 
therewith than there was originally As the piston is worked 
up and down the same opening and shutting 
of valves is repeated, with the result, that 
by and by, all the air is removed from the 
receiver 

The common pump — After examining a 
glass model like that shown in Fig 84 
there is no difficulty in understanding the 
action of a common pump To begin with, 
suppose that the pump is full of air and 
that the end of the tube below the valve 
h is dipped into a basin of water The 
piston ec IS, to start with, at the bottom 
of its stroke near the valve h As the 
piston IS raised the air in the cylinder above 
h expands, and its pressure consequently 
decreases the pressure on the lower surface 
of the valve h is, therefore, soon greater 
than that on its upper surface and it is 
pushed upwards by the air below it, the air 

Pio 84 Model of a Cylinder ach The result of 

^comi^n pump * ^^^18 IS that the air in the cylinder below the 
piston IS of a lower pressure than that of 
the outside air, and as a consequence water is pushed up the 
tube 6 This action continues uhtil the piston reaches the end 
of its stroke towards the top of the pump 
As the piston descends, the air in the cylinder below the 
piston c IS compressed and its pressure becomes gradually 
greater This closes the valve 6 and opens that in c, through 
which latter, of course, the air in the cylinder escapi^ On 
raising the piston again the same efifects are repeated unMl fdl 
the air m the pump iS removed and the outside air pusheli ^ 
water up until it reaches the spout and escapes. 
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It has been leamt that the air is able to support a column of 
mercury 30 inches in height, and as mercury is about 13 J times 
heavier than water it is clear that the air could support a 
column of water of a height equal to 

30 inches x 13i-2ix 13j ft «33| ft , 
and it will at once be understood since the efficacy of the 
common pump depends wholly upon the pressure of the air 
that theoretically the spout of the pump must never be more 
than 33| feet from the level of the water Practically the spout 
of an ordinary pump cannot be much more than 30 feet above 
the level of the water 



Fxo» SS.-->To explain how the aotion of a siphon depends upon atnao- 
spheric pressure 

The siphon —The siphon is a simple instrument whidh oap 
be easily understood after what has been said about atmos|^erio 
pressure It eonsista usually of a bent tube^ one leg ot wMi^ m 
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longer than the other. It is filled with the liquid to be trans 
ferred from one vessel to another, and while bcth ends of the 
tube are kept closed, the shorter limb is placed into the vessel 
of liquid. The result is that the liquid flows until the level of 
the liquids is the same in both vessels, or the higher liquid has 
been siphoned to the lower level. 

Suppose a siphon having limbs of equal length to be placed with 
the ends in two jars containing mercury at the same level, as in 
Fig 85, A. For simplicity, suppose each tube to have a length 
of 30 inches, and let the surface of the mercury in each vessel 
be 12 inches from the bends of the tube. Under normal condi- 
tions the atmosphere is able to support 30 inches of mercury, 
but in the case illustrated the height of the mercury columns is 
only 12 inches. There is thus a surplus atmospheric pressure 
equal to 18 inches of mercury acting on the surface of the 
mercury in the jars ; but as it is the same in each, the mercury 
in the bent tube does not uiove. 

But now consider the conditions represented in Fig. 85, B, 
The 30 inches of mercury in the left-hand tube just balances the 
atmospheric pressure on the surface of the mercury into which 
it dips. On the right-hand side, however, the mercury column 
is only 12 inches high, so there is a surplus atmosphei*ic pressure 
equal to 18 inches of mercury. The mercury is thei^efore forced 
through the tube, and the flow goes on until the level is the 
same in each vessel. It is thus seen that the force tending to 
push the liquid up an arm of a siphon is equal to the atmospheric 
pressure minus the pressure due to the liquid in that arm. 

Since the instrument depends upon the pressure of the atmo- 
sphere for its efficiency, it is clear that if the bend of the siphon 
is at a greater height above the level of the liquid than that 
which can be supported by the pressure of the atmosphere, then 
the siphon will not act. 

When the liquid is water, the height of the bend above the 
higher liquid surface must not exceed 33 feet (p. 119), and when 
mercury is being transferred by a siphon, this height must be 
under 30 inches. 
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CH15EF POINTS OF CHAPTER VIII. 

Pressure on liquids. — Liquids communicate pressure equally in all 
directions. Tlie pressure per unU art a whicli a liquid exei ts clepends 
only upon the depth below the surface — the direction is immaterial. 
The total pressuie on any area within a liquid varies with the area 
considered. The pressure acting vertically upwards at a point in a 
liquid IS equal to the downward pressuie of the liquid above the 
point. 

The pressure of the atmosphere is due to its weight. The pres- 
sure diminishes as an ascent from the earth is made. At a height of 
.3^ miles the pressure is only one-half that at sea -level. 

The barometer is an instiument for im^asuiiiig the pressure 
exerted by the atmospliere. The pressuie of the atmosphere 
lialances a column of mercury about 30 inches in hcught 

Boyle’s Law states the relation between the volume and pressure of 
a gas. It can be expressed by saying that, the temperature re- 
maining the same, the volume of a given mass oi gas varies inversely 
as its pressure. Or, what is the same thing, the product of the 
pressure into the volume of a given mass of gas is constant. 

The air-pump is an instiument for removing the air from a closed 
V('ssol or space 

The common pump and the siphon depend for their action upon 
the pressure exerted by the atmosphere. 


EXERCISES ON CHAPTER VIII. 

1. Some deep-sea animals, when brought to the surface, become 
very much larger. Wliy is this ? 

2. Describe a simple experiment to sliow that the pressure in a 
liquid increases witli tlie depth lielow the surface. What pressure, 
expressed in grams’ weight, would be exerted upon a square of glass 
of a decimetre side immersed to a depth of 10 metres in the water of 
a lake ? 

3. How would you prove to a class that the upward pressure per 
unit area at a depth ot 10 feet below the surface of the sea is equal 
to a column of water 10 feet high and unit area in cross-section ? 

4. Given a glass tube, thirty-two inches long, closed at one end, 
a bottle of mercury (quicksilver), and a small cup. State how you 
proceed (a) to construct a barometer, and {b) to show the readings of 
this liarometer. 

5. State the principle on which the action of a mercurial barometer 
depends. Why is a water barometer longer than a mercurial baro- 
meter ? Wliat occupies the space above the mercurial column in the 
latter instrument’ If a hole were to be bored through the glass 
acbovc the column of mercury, what would happen ? 
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6. How can the weight of the air be determined ? In what way is 
the pressure exercised V>y the atmosphere on the ea^jLh’s surface, in 
consequence of its weiglit, stated ? How is it that we are able to 
move about under the weight of the atmosphere ? 

7. Enunciate the law associated witli tlie name of Boyle. Describe 
a simple form of apparatus to prove that, if a given mass of air is 
acted upon by a pressure twice as gi’cat as that of the atmosphere, 
its volume becomes one half what it was originally. 

8. Draw a common pump, and explain how it acts. At what 
depth will such a pump become ineffective ? 

9. What is a sipliori ? What experiments would you perfoi’m to 
explain its action to a class ? 

10. Make a sketch of some form of air-pump and describe how 
the instrument enables the air to he removed from a closed vessel. 

11. About what height does the mercury column of the barometer 
generally stand ? Explain why the tube must be kept in a vertical 
position. 

12. What do you know about the contents of that part of the 
barometer tube which is not filled by the mercury ? What simple 
experimental proof of the truth of your answer can be given i 

13. 'riiree similar bottles of water are turned upside down, the 
first under water, the s(*coiid fi'ee to the air, the third free to the air 
but fitted with a cork, through which a narrow hole has been drilled. 
Compare and explair' what happens in each casa 



CHAPTER IX. 


EFFECTS OF HEAT. THEEMOMETEKS. 

^ 31. EXAMPLES OF EXPANSION BY HEAT. 

i. Expansion of 8olids.A^) Take a metal ball suspended by a 
ihain as shown in Fig. 86, and suspend it by the sidt? of a metal 
ing, through which it just passes easily. Heat the ball in a labora- 
lOry burner for a few minutes, and then try to drop it through the 
ing. It is too large and rests on the ring. Now allow it to cool 







Fia. 86. —Apparatus for showing that Pio, 87. —Compound strip of ebonite 

a metal ball is larger when hot than it and wood to sliow the greater cxpaii* 
Is when cold, sion of ebonite when heated. 

slowly and notice that after a short time it gets smaller and will 
slip through, 

‘ V^) Solder a strip or wire of brass, about two feet long, to one of 
icon of the same lengtli. Straighten the compound strip by 
Iiammering ; then heat it. Notice that the strip bends, because the 
brass expands more than the iron. The same effect can be shown 
by means of a strip of ebpnite glued to a strip of wood, on account 
of the ebonite expanding more than the wood (FigL 87). 
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FlQ. 88 —The expansion 
* of a liquid. 


liquids ; and that ultimatoly the 
expansions of the liquids are \ery 
ditfereiit. ,* 

ill. Expansion of gases.— (a) 
Procure a wcdl-mado pajici bag 
and tightly tie a piece of tape 
round the open end. Hold the 
bag in front of the fire, and notice 
that thoair inside gets laiger and 
inflates the bag. 

{h) Or, obtain a flask with a 
cork and tube as in Eig. 89, i. 
Remove the cork and tulie, and, 
by suction draw a little red ink 
into the end of the tulwj near tlic 
cork. Re-insert the cork, and 
gently warm the flask by clasping 
it in your hands Notice that 
the air in the flask gets larger 
and pushes the red ink along the 
tube. 

(c) Turn over and place the 
open end of the tulie beneath the 
surface of some coloured water m 
a bqukoi'* Warm the flask with 
the hand or a flame so as to expel 
some of the air, and let the liquid 
rise in the stem (Fig. 89, ii.). This 
arrangement constitutes an aj^ 
therTTumeter. 


ii. Expansion of liquids.— (a) Procure a 4;pS5. 
fl^k and fit it with a cork. Rote a hole 
through the cork and pass through it a long 
glass tul)o which fits tightly FUl the flask 
with water coloured witli red ink. Push tlio 
cork into thi.* neck of tlic flask and so cause the 
coloured water to use up the tube. See tliat 
there is no air lictweeii the cork and the watcT. 
N<iw dip the flask in warm water, and notice 
that the liquid soon gets larger and rises up 
the tube (Fig. 8H) Take the flask out of the 
warm water, and see that the coloured W'ater 
gets smalhu* as it cools, and that it sinks in the 
tube 

(/i) Arrange two other flasks as in the last 
experiment, 1 ) 11 1 filled respectively w^itli alcohol, 
and turpentine Push in the coiks till the 
liquid stands in each tube at the same hi'ight. 
Put the flasks to the same depth into a vessel 
of warm w^ater. Notice tliat the expansion of 
the glass clauses a momentary sinking of the 



^ 10 . 89. ..Expel iments to show the 
expansion of air by heat. 
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{d) Fasten in an air-tight manner two bulbs or flasks together by 
a tube bent six times at right angles, and containing some coloured 
liquid in the nflddle bends (Fig 90). 

Show that the liquid moves if one 
flask 18 warmed more than, the other. 

This instrument is known as a dijjer- 
eiUricU tfiermometcr. 

Cbange of size. Expansion.— As 

a rule all bodies, whether solid, 
liquid, or gaseous, get larger when 
heated, and smaller when cooled. 

The change of size which a body 
undergoes is spoken of as the amount 
it expands or contracts , or, heat is 
aaul to cause exi^nsion m tlie body. 

This expansion is regarded in three 

ways. When dealing with solids, expansion may take place in 
length (linear expansion), in area (superficial expansion), and m 
volume (cuhical expansion). In the case of liquids and gases we 
have only cubical expansion. Similar terms can be used with 
reference to contraction 

The expansion which substances undergo when heated must 
be allowed for in many engineering projects. Eailvray lines, for 
instance, are usually not placed close together, but a little space 
is allowed between the separate lyjls, so that they can expand in 
summer without buckling Steam pipes used for heating rooms 
are also not fixed firmly to tlie walls at both ends, but are left 
slightly loose or are loose- join ted, so that they can expand or 
contract without doing any daiuuge For the same reason the 
ends of iron bridges «iie not fixed to the supports upon which 
they rest. Iron tyres are put on caiTiage wheels by first beating 
the type, and while it is hot, slipping it over the wheel. As the 
tyre cools it contracts and clasps the wheel tightly. 

The common occurrence m domestic life of the cracking of 
thick glasses, when boiling water is poured on them, may be 
explained by this expansion of solids by heating. The part of 
the glass with which the hot water comes in contact is heated 
and expands ; but the effect is quite local ; the heating us con- 
fined to one spot, because glass does not allow heat to pass 
through it readily. It is this local expansion of the glass which 
Jesuits in the cracking of tho vessel. 
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It is not to be supposed, howevei, that substances always 
expand on being heated ; it will be learned lalcr that water, 
under certain conditions, shrinks in volume as its temperature 
rises. A piece of rubber, too, stretched by a weight, con- 
tracts considerably on being heated. Tins result is, however, 
deceptive. Unstretched rubber acts in the usual way and 
exjiands as its temperature rises. The explanation is that hot 
rubber is not so easily sti’etched as cold. 'J'ho amount of stretch 
due to the weight is lessened, and masks the expansion due to 
the heat. 

Measurement of change of temperature.— -Change of tem- 
perature means change in the state of hotness or coldness of a 
body. The change of size which takes place wlien a thing is 
heated gives a good way of measuring the change of tempeiature 
which it undergoes. Think of the experiment with the coloured 
water in the flask with a long tube attached to it. Suppose the 
coloured water in the tube luses througli a certain number of 
inches after the water has been heated, and that when the 
flask IS placed into some other liquid, or some more water, the 
coloured water is found to rise up the tube to ju.st tlie same 
place, we should have every right to s.iy that the second liquid 
is exactly as hot as the first was. This plan provides a means 
of measuring temperature. The flask and tube with the water 
have become a “ temperature measurer,” that is, a tbermometer. 


* 32. TEMPEBATUBE AND THEBMOMETEBS. 

L The sense of feeling may he deceived. — Arrange three basins 
in a row ; into the first put water a.s Imt as the hand can hear, into 
the second put lukewarm water, and fill the thud with cold w^ater. 
Place the right hand into the cold wat<*r and the left into the hot, 
and after half a minute quickly put both into the lukewarm water. 
The left hand feels eold and the right liand warm while in the same 
water. 

il. Measuring temperature.— (a) Place the flask of water, with 
fitted tube used in Expt. 3l li. (fi), in hot water, and notice the 
height of the liquia in the tulie. Transfer it to cold water, and 
observe that the liquid in the tulie sinks. 

(6) Procure, or make, a thermometer tube with a bulb at one <»nd. 
With a little practice it is easy to blow a bulb upon a piece of 
thermometer tubing. One end of the tubing is held in a blojCrpipe 
fliune and twirled round until the glass molts and runs together so 
as to seal up the tube. A small blob of glass is then allowed to 
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form, and while the glass is molten the tube is taken out of the 
flame and blown int<i steadily. To introduce mercury afterwards, 
heat the bulb jiiid wliile it is hot iiivei t it and put the open end 
into mercury. As tho bulb cools, mereury will rise in the tube and 
take the place of the air driven out ot tire tube b}' heat. Repeat 
the ojKuation until the mercury fills the bulb and part of tho stem. 

(f) Place in hot water the bulb of the instiiiment 
just constructed, ami make a mark at the le\ol of 
the meiciiry in the tub(' Now place the instru- 
ment in (jold water, and notice that tht' mercury 
sinks in the tube. Tlie mercuiy is thus se»*n to 
expand when heated and contract when cooled. 

{d) Examine a thoimorneter Notice that it is 
similar to the simple insti iinient aliead^' desciibcd, 
but the top is scaled up, and duisions or gT’.uluatnms 
are marked u[»on it, so tluxt the height of the 
merouiy in tin' tube can 1 k' seen easil 3 ^ Tliesc 
divisions are called (Fig. 91). 

Feeling of heat and cold.— Some ])C(^ple feel 
cold at the same time that others feel warm. 

It is easy to uiideivstand that the sense of feeling 
cannot be depended upon to tell us aceuiately 
whether the air or any substance is hot or cold. 

Some instrument is needed which does not 
depend upon feeling, and cannot be deceived in 
the way that the senses can. Such an instru- 
ment is called a thermometer, and it is used to 
measure temperature, that is, the degree of 
hotness or coldness of a body. 

How expansion may indicate temperature. 

— It has already been learned that substances 
usually expand when heated and contract when 
cooled. A flask (illcd with water, for instance, 
and having a stopper through which a glass tube Fiq. 91.— Ther- 

liasses, can be used to show the .expansion pro- for 

duced by heat and the contraction by cold. Rut scientific woik. 
this flask and tube make but a very rough 
temperature measurer. The water does not get larger to the 
same amount for every equal addition of heat. Neither is it 
' very senaitive, that is to say, it does not show very small 
increases in the degree of hotness or coldness^, or, as the student 
must now learn to say, it does not record very small differences 
of temperature, and for a thermometer to be of value it must 
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do this. Then, too, as every one knows, if water is made very 
cold it becomes ice, which, being larger than the water from 
which it is made, would crack the tube. For many reasonS| 
therefore, water is not a good thing to use in a thermometer. 

Choice of things to be used in a thermometer. 

1. The substance used should expand a great deal for a small 
increase of temperature. 

Gases expand most, and solids least, for a given increase 
of temperature. Liquids occupy a niuldle place The most 
delicate thermometers are theiefore those where a gas, such as 
air, is the substance which expands. But in common thermo- 
meters a liquid, either (puckMlver or spirits of wine, is used. 
Both these liquids expand a fair amount for a given increase, of 
temperature, and, to make this amount of expansion as obvious 
as possible, they are used in fine threads by making them 
expand into a tube with a very fine bore 

2 If a liquid is used it should not change into a solid unless cooled 
very much, nor into a gas unless heated very much. 

It is difficult to be sure of both these things in the same 
thermometer. When a thermometer is required for measuring 
very low temperatures it usually contains spirits of wine, because 
this liquid has to be cooled a great deal before it is solidified, 
that is, made into a solid. But this thermometer cannot be used 
for any great degree of temperature because spirits of wine is 
soon changed completely into a vapour when heated to only a 
comparatively small extent If w'c wush to measure higher 
temperatures we use a (piicksilver or mercury, thermometer, 
because mercury can be warmed a good deal, or, as it is better 
to say, raised to a high tempeniture, without being changed into 
a gas. 

3. The liquid should be in a fine tube of equal bore with a 
comparatively large bjijLb at the end. 

Liquids have to be contained in some sort of vessel or else 
they cannot be kept together. There must be a fine bore, so 
that the liquid may appear to expand very much for a small 
change of temperature. The bore must be equal all the way 
along, that is, the width or diameter of the inside of the tube 
must be the same all the way along, so that a given amount 
of expansion in any part of the tube shall mean the same 
change of temperature ; and, lastly, there must be a largo 
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bulb, so that there is a large surface to take the same tem- 
perature as that of the substance the temperature of which is 
being measured 

Reasons why mercury is used for thermometers —There 
are many reasons for selecting mercury as the liquid for an 
ordinary thermometer in addition to those 


already mentioned. 

It is a liquid the level of which can be easily 
seen. 

It does not wet the vessel in which it is 
contained. 

It expands a consider<ibU' amount for a 
small increment of tein|)eratnrc. 

It is a good conductor of heat, and conse- 
quently it very quickly assumes the tempera- 
ture of the body with which it is placed in 
contact. 

Very little heat is required to laise its 
temperature, and there is therefore very little 
loss of heat due to warming the thcrinoiiieter. 

Construction of a thennometer.— Having 
selected a suitable piece of thermometer 
tubing, first a Imlb must be blown on one 
end. The glass is melted at this end and 
allowed to run together and so close up the 
bore. While the glass is still molten, air is 
blown down the tulie from the other end, 
the tube being moved round, so that the bulb 
may be placed syniraetricdlly with reference 
to it. The bore of the tube is so fine that 
it IS impossible to pour the liquid down it ; 
some other plan must therefore be adopted. 



1 . 11 . 


Pio. ua. — Ther- 
muineters in course 
of construction . (i) 
tubo enlarged at 
top , (ii) tube with 
buiall funnel at- 
tached. 


The top of the tube may be enlarged into 

the shape shown at A in Fig 92, or a small funnel may be 

connected with it, as at B, and the liquid with which the 


thermometer is to be filled poured in. Let us suppose mer- 
cury is being used. Warming the tube makes the air inside 
it expand, and of course some is driven out. As 'the tube cools 
the mercury is forced in, by the weight of the atmosphere, to 
fill the place of the expelled air. By repeating this alternate 
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process of warming and cooling, in the circumstances described, 
enough mercury is soon intrcMluced into the tube. The next 
step IS to seal up the tube, leaving no air above the mer- 
cury ; to do this the bulb is heated to a temperature sliglitly 
higher than the thermometer is expected to register. The 
niercury expands, and wlien it has reached the drawn-out pait, 
C, of the tube, a blow-pipe flame is directed against the glass, 
and the tube is thus closed up. This method of closing a tube 
and keeping the air out is called hermetically sealing it. The 
thermometer at this stage should be put on one side for sonic 
days at least, in order that it may assume its iinal size, which it 
does very slowly. 

33. GBAQUATION AND USE OF THEBMOMETERS. 

1. The temperature of melting ice. — (a) Place some pieces of 
clean ice in a beaker or test-tube and push a thermometer amongst 
them. Notice the reading of the thermo- 
meter ; it will he either no degrpes (0®) or 
very near it.^ Warm the lieaker or test- 
tube, and observe that as long as there 
is any loe unmeltcd the reading of the 
thermometer remains the same. 

{h) Re])eat the experiment with pieces 
of some other blocks of loe, and observe the 
inifMiriant fact that the temperature of 
clean melting icc is the same in all your 
tests. 

it Effect of adding salt to the ice. — 

(a) Add salt to the melting ice, and notice 
that the thermometer indicates a lower 
degree of temperature. 

iiL The temperature of boiling water. — 
(a) Eoil some distilled water in a flask, 
test- tube (Fig. 93), or beaker, and hold 
a thermometer in the boiling wattT. 
Notice the temperature. Raise the ther- 
mometer until the bulb is just out of the 
water and only heated by the steam. 
Again T-ccord the temperature. In lioth 
cases the reading is the same. It is 
either one hundred degrees (l(X)®), or very 
near it, if you use a thermometer with Centigrade divisions. 

[h) Repeat the experiment with a second lot of pure water, and 
note that the temperature of hoilmg water is again about 1()0®. 

I A CcntigvadQ thonoomotor is supposed to be used. If a Fahrenheit thermo* 
meter is used the reading will bo 32”. 



Fig. 93.-— Test-tube with 
thermometer fitted for ob- 
serving the boiling point of 
water. 
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(c) Add salt to the water. Hold a thermometer in the steam of 
the boiling wateij, and notice that the ttmipeiaturc is the same 
before, namely, KM)" Rush the thennoiiu*ter intt) tlie water, niid 
notice that a liighei degree ot teinjiei atm e is indicated. 

{( 1 ) Again place tin* thermometer m clean lee in a test-tube or 
flask, (iently heat the vessel, and notiee the following changes : 

(1) The mercuiy remains at 0 until all the ice is melted. 

(2) When the ice is melted the mercury rises gradually until it 
reaches 1(K) . 

(3) The mercury remains stationary at 100“ until all the water is 
boiled away. 

iv. A thermometer cannot toe deceived.— Arrange three basins of 
cold, lukewarm, and Imt water side by side. I’lace the thermo- 
met(ir in the cold water and then m the lukewarm water. Notice 
the temperature indicated in the lukewarm water. Now place the 
thermometer in the liot water, and when it has been there a minute 
or two put it into the lukewai m water. Notice that the tempera- 
ture indicated is practically the same as before. It is thus seen 
that, mil ike oiir sense of ieeling, a thermometer is not deceived by 
being made hot or cold bciore using it to indicate temperature. 

V. The clinical thermometer. — Examine a oluueal thermometer. 
Notice tlie large space between separate degiees. Observe that just 
alKjve the bulb the boro of the thermometer is constricted. Hold 
tho bulb in your hand and watch the expansion of the mercury. On 
exposing the thermometer to the air and allowing it to cool, notice 
tliat the mercury thread breaks at tho constriction. The mercury 
can be shaken liack into the bulb (Fig. 97). 

The fixed points on a thermometer.— In the graduation 
of a thermometer tho jilan usually adopted is to choose “ two 
fixed points” from which to number degrees of temperatui'e. 
The most convenient lower fixed point to select is the tem- 
percatiire at winch ice melts, or water freezes, for this is always 
the same if the ice is pure, and remains the same so long as there 
is any ice left unmelted. Whenever the thermometer is put 
into melting ice, the ineicury in it always stands at the same 
level ; or melting ice is always at the same temperature and thus 
may be used to give one fixed point. The “ higher filled, point” ' 
chosen is that at which pure water boils at the sea-level. This 
stipulation must be made, for the boiling point of a liquid is 
altered when the pressure upon it is changed, being raised if the 
pressure is greater, and lowered if the pressure is less. When 
the water boils, the temperature of the steam is the same as that 
of the water, and remains so as long as there is any water left. 
Tlie lower fixed temperature is referred to as the “Freezing 
Point of Water,” and the higher as its*“ Boiling Point.” "" 
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Marking the freezing point. -For this purpose an arrange- 
ment like that sliown in Fig. 94 is very suitable. The funnel is 
filled with pounded ice, which before powdering has been 
washed carefully : or snow may, if more convenient, be used. 
The glass dish catches the water which is formed from the 
melting of the ice or snow. A hole is made in the pounded ice 
by thrusting in a pencil or gla.ss tube about the size of the 



Pig. 94 —Thermometer in ire for the Fio. 9D — Flask fitted for the dotor- 
observation of freezing point mination of boiling points, 

thermometer, and into this hole the thermometer is put and is 
so supported that the whole of the mercury is surrounded by 
the ice or snow. The arrangement is left for about ten or 
fifteen minutes, until it is quite certain that the tube and 
mercury are at the same temperature as the melting ice. When 
this is so the tube is raised until the mercury is just above the 
ice, and a fine scratch is made with a three-cornered file on the 
tube at the level of the mercury. 

Marking the boiling point. — On account of the condensation 
of vapour upon the thermometer, the method used in Expt. .33 iii 
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to find the boiling point is not a very accurate one. More 
exact deteriuinattons can be made by moans of the apparatus 
shown in Fig. 95. A can or fiask F is fitted with a cork, 
through which a glass or brass tube B passes. Surrounding 
this tube is a wider tube {7, fitted upon the inner tube by 
means of a piece of thick india-rubber tubing D. At the top of 
the outer tube is a cork E having a hole in which a thermometer 
can be fitted. When the water in the flask is boiled, steam 
passes up the inner tube i?, and down the wide tube (7, and 
escapes at the outlet G into the open air. To use the apparatus, 
the top of the stem of the thermometer being graduated is 
pushed gently into the coik which fits in tlie outer tube, and 
adjusted so that the point i cached by the mercury at the 
temperature of boiling water is just above the cork. The cork 
is then fitted into its place, the water boiled, and when steam 
has been coming oft* for about a (piarter of an hour, an obser- 
vation is made of the point reached by the top of the mercury 
in the tube. The observation is repeated after a few minutes, 
and when two readings obtained at an interval of about ten 
minutes agree, the point at which the top of tlie liquid stands 
is marked upon the stem. The tcniperatuie observed is the 
boiling point of water under the paiticular conditions existing 
at the time and place of the experiment. 

Precautions necessary in marking the fixed points.— Since 
experiments have shown that the mixture of common salt with 
ice or snow lowers the temperature of the ice or snow, great 
care must be taken that pjire clean ice is u.sed when the lower 
fixed point of a thermometer is being marked. Tt must also be 
noted that the presence of substances other than common salt 
similarly have an effect on the temperature. 

The temperature of a boiling solution of common salt in water 
is higher, too, than that of the steam which is given off from it. 
Moreover, since it is the temperature of the steam from boiling 
water which alone remains constant at the sea-level (the nature 
of the containing vessel and the presence of substances in 
solution affecting the temperature of the liquid), in marking the 
higher fixed point of a thermometer the instrument should be 
surrounded by the steam and not placed in the liquid. It will 
be seen more fully later that an increase of atmospheric pressure, 
represented by an increased barometric height, raises the 
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temperature at which water boils, hence the lieight of the 
bartuneter must be recorded when the higher fixed point is 
being marked. 

Thermometer scales.— Some value must now he given to 
the two fixed points which have been obtained as previously 
described, and of course they could be called anything the 
maker of the thermometer liked, but for the sake of comparing 
one man’s observations and experiments with those of other 
people, it IS most convenient to graduate all thermometers in 
the same way. The tliermometers used in this country are 
divided up in two ways— (1) the Centigrade scale, (2) the 
Fahrenheit scale. A third scale — the Reaumur scale is exten- 
sively used in Germany. 

The Centigrade scale.— Here the freezing point is called 
zero or no degrees Centigrade, written 0** C. The boiling ]3oint 
IS called one hundred degrees Centigrade, and is wiitten 100° 0. 
The space between these two limits is divided into 100 pai ts, 
and each division called a degree Centigrade. 

The Fahrenheit scale. — On thermometers maiked in this 
way the freezing point is called thirty-two degnrees Fahrenheit, 

written 32° F., and the 
boiling point two hun- 
dred and twelve degrees 
Fahrenheit, written 
212° F. The space 
between the two limits 
IS divided into 180 
parts, and each divi- 
sion is called a degree 
Fahrenheit. The reason 
of this difference is 
interesting. The phy- 
sicist Fahrenheit, after 
whom the thermometer 
is named, obtained a 
very low temperature, 
by mixing common 
salt with the pounded ice when marking the lower fixed point, 
and he wrongly imagined that he had obtained the lowest 
temnerature which could be reached, and called it zero. 
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Fio. 96 —Thermometric scales. 
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The B^aoinur scale. — Upon thertnometers graduated accoi d- 
ing to this scale flie freezinj^ point is marked O'" and the boiling 


point 80°. Tlie relation between the three scales 
is shown in Fig. 00. 

The doctor’s thermometer. — For the measure- 
nieiit of the tompeiature of the body, what is 
termed a clinical thermometer is be.Mt (Fig. 07) 
As the temjieiatiire of the living human body 
is never many degrees above or below a tem- 
perature of 08° F., a clinicjil thcrmoim^ter is only 
graduated from about F to 110' F. If the 
bulb of sucli a thermometer is put into the mouth, 
or under the armpit, of a person in liealth, and 
left there for two or thiee minutes, it will be 
found, on taking it out, to indicate a temperature 
from 97° 8 F. to 98" 6 F. ^Flie thread of mercury 
in the stem of the thermometer lemains in one 
position, though the air is cooling the mercury 
while the thermometer is being read 'i'his is 
because of the constriction at the top of the bulb, 
which causes the thread of mercury in tlie stem 
to be left behind while the merenry in the bulb 
contracts. To “set” the thermometer for a fresh 
observation, it is only necessary to jerk it slightly, 
when tlie thread of mercury will again join up to 
the liquid in the bulb. 


U. COEFFICIENTS OF EXPANSION. 



Fia. 97 —A 

L Coefficient of expansion of a solid.— Procure cinuual thcr- 
and examine the apparatus shown in Fig. 98, if mometer. 
necessaiy, fitting the paits togetlier. Notice that 

IS a glass, or metal, njd I’cstiiig m a grciovii at A, against a 
weight and rolling on a neexUe on a glass bed at B. Fix a 
split straw pointer to the needle to move against the graduated 
quaxlranb E. Observe that CD is a tube of wide bore fixed on the 
rexi by means of corks and having .an inlet for steam at C and an 
escape at D, When the appaiatus is in adjustment take tlic 
temperature of the room in the neighbourhood ot the apparatus, and 
then pass steam through CD for 5 or 10 minutes. Note what part 
of a whole turn the pointer moves through. Obtain the diameter of 
the needle by placing several similar needles in a row, measuring the 
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total breadth and dividing by the number of needles. Obtain the 



Fi(J. 98.— Apparatus to show the expansion of a rod. 


actual movt*rn(‘nt ot the (md Jl of the rod by muliipljung together 
the fraction ot a rotation sliowri l)y the index and the circuijifercnce 
of the needle. * TIh 5 latter is 31 th times tin; dia- 
^ meter ol the needle. Assuming the steam to bo 

at 100'' (J obtain the rise of temperature of the lod. 
Then (tdculalo thus . 

A length of .... cm. of the metal or glass lod 
c when raised . degree's expanded. cm. 

1" Thcictore 1 cm. of the rod when raised J degree 

I expands . cm. 

I The value so obtained is the eoofhcient of 

expansion of the material ot the rod used 
ii. Coefficient of expansion of liquids. —(n) Close 
^ one t'licl of a glass tube about 30 cm. long and 3 
min. bore. Partly fill the tube with water, and 
fasten it to a thermometer by means of threads 
or india-rubber bands (Fig. 99), Place the com- 
bination in melting ice, so that the water is 
surrounded by the ico, and observe the degree 
on the tliermometer, level with the surface of the 
water m the tube. Repeat the operation with 

r tlie combination successively in water at 50®, 60®, 
70 ", 80®, and IK)®, taking care that the water in the 
tube IS completely immersc'd. Now take the com- 
bination out of water, and measure the distance 
from the bottom of the tube to the point at which 
Fio 99. - - Appa- the surface of the water stood in eacdi case, 
exmusionof hqiuds^ taking care that the tube does not move. Record 
^ ' * the observations thus : 


Tkmpkraturk. 


Lisngth of 
Watkr Column. 


Increase of 
Temperature 


Increase of 

IjENOTII. 
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Find from these results, the average increase of length for 1® 
rise of temperature, and the iraction which this increase is of the 
original length. 

As the tuoe is uniform m hore the lengths of the column of water 
-r are proportional to the volume of the water, so that the results will 
show the increase of the volume of water for a rise of temperature 
of r, expressed as a fraction of the original volume. 

(t) Repeat the preceding experiment, using turpentine, alcohol, 
or mercury instead of water in the tube, and find in the same way 
the fraction of its volume at 0“ hy which the liquid expands for 
a rise of temperature of V C. 

lit Coefficient of expansion of a gaa — Obtain a piece of thermo- 
meter tubing of about 1 mm. bore and 20 cm long. Snek into it a 
length of ai)Out 1 cm. of mereul 3 ^ Seal one end of the tube and 
arrange that the index of mercury comes near tlie middle of the iiiho 
when the end has been closed and the tube is cool. Fasten the tube 
to a thermometer, closed end downwards (Fig. 100). You have in it 
a certain volume of air, and can find the volume at different tem- 
peratures as 3 ^ou did with liquids. Place the combined thermometer 
and tube in melting ice and notice the position of the air column 
with reference to the thermometer scale. Repeat the operation for 
every 10“ up to 100“ C , taking care that the air column is immersed 
completely in each case, and giving the tube two or three taps before 
making an observation, in order to make sure that the mercury is 
not sticking to the tulie. Record your observations thus ; 


t 

TXMPKRATIinE 

LFNdTH OF Air 
C oi.UMN 

Expav^^tom for 

10“ c 

Avfraok 
Expansion fob 

rc 






As the tube is cylmdiueal and uniform in bore, the volume of the 
air in it is proportional to the lengths of the air column. The 
average increase of volume for 1“ C., expressed as a fraction of the 
volume at 0“ 0., is the coefficient of expansion. Find from your 
results the coefficient of expansion of air. 

When a gas is heated in circumstances where, as in these experi- 
ments, free expansion is possible, it is said to expand under a 
constant premire. Both at the beginning of the expenment and 
after the gas has been heated, the pressure to which it is subjected 
is simply that of the atmosphere. 

Meagjuroment of expansion. — While a definite rise of tem- 
perature causes most bodies to expand, the amount of the 
expansion varies within wide limits. In the case of certain 
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special alloys it is almost negligible, while gases expand more 
than double their volume on being heated from*'(r(’. to SOU”!*. 

Having now a means at command of iiieasunng tempera- 
tures, a more exact comparison of expansions becomes jiossible. 
The coefficient of expansion is the term used for the r<ate of 
expansion when the temperature is increased. In the case 
of solids we are usually concerned with the linear coefficient 
of expansion, while for liquids and gases the coefficient of 
cubical expansion is of importance. 

The faction of its length, at O'" C., which a body expands when 
its temperature is raised through 1*" G. is called its coefficient of 
linear expansion. 

The actual expansion being small in the case of solids, it is 
not necessary to measure the length of a solid at 0°C. A 
simpler definition is suffit icntly acjjwate. It may be suid that 
the fraction of its length which a solid body exf Kinds on being 
heated 1°C. is called its copjjicient of linear expansion. 

It must, however, be remembered that in the case of gases, 
owing to the large <*hanges that take place, the strict words 
of the definition must l)o adhered to and the expansion com^ 
pared with the volume at (rO. 

The fraction of its volume, at 0° C., which a body expands when 
its temperature is raised through I'^C. is called its coefficient of 
cubical expansion. 

Coefficient of linear expansion. —To obtain a measurement 
of the linear expansion of a rod when heated to a known tem- 
perature the form of ajiparatus shown in Fig. 98 may be used. 
A rod of glass oi* metal about 18 inches long is surrounded by a 
glass tube having an inlet for steam at C and an outlet at D. 
The end of the rod rests in a V-sbaped groove and against a 
weight W. The other end rests on a needle whicli is free to 
roll on a glass base. To the needle is attached a coik having a 
split straw pointer. Any raovement of the needle will be 
observed against the scale E. 

When steam is passed through the tube it heats the bar, and 
the expansion shows itself at J?— the end A being fixed— by 
causing the needle to roll. To secui’e good contact the rod may 
be roughened with emery whei-e it rests on the needle, and 
pressed to it by means of an elastic band attached to the 
support. 
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After the steam has circulated for or 10 minutes, the part 
of a complete cii*clo tlie index lia» moved thiough is observed. 
This shows what part of a complete rotation the needle has 
made. To find the horizontal expansion of tlie rod corre.spond- 
ing to this rotation it is necessary to <letcrmine the diameter of 
the needle To do this several similar needles are placed in 
a row, the total breadth is measuicd and divided by the 
number of needles. 

The circumference of a circle being eipial to its 



the distance the needle would roll lu one complete rotation 
would bo 

22 

diaiiietei of needle x — . 

i 

The actual distance rolled, corresjionding to the expansion of 
the rcKl, 

_ distance corresponding to a^the part of a complete rotation 
“ complete rotation. shown by the index. 

Suppose the measured expansion to be A', the length of the 
rod up to the needle L, and its temperature at the commence- 
ment of the experiment Ifi^ (J. The fraction of its original length 

which the rod expands will be 


The rise of temperature having been from 15®C. to IWC , that 
is, 75” C. the fraction of its original length which the rod expands 

R 

for each degree of temperature will be ^ 

** 1 

This is the coefficient of linear expansion. 

Coefficient of cubical expansion of a liquid.— The rate of 
expansion of a liquid with rise of temperature can be obtained 
with the apparatus shown in Fig. It consists of a glass tube 
open at one end, and about 30 cm. in length, and with a bore 
of about 3 mm. It is partly filled with the liquid, the expansion 
of which is to be determined. The tube, fastened to a thermo- 
meter, as shown in F'ig. 99, is immersed in a bath of water 
and observations made from 0” U to nearly the lioiling point of 
water. The temperature of the bath is obtained from the 
thermometer, the scale of which also serves for observations of 
the liquid level. The original length of the column being 
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measured, and its expansion for a definite lise of temperature 
obtained as above, all the data exist for the cal julation of the 
coethcient of expansion. It should be carefully noted that it is 
cubical expansion that is observed. Neglecting the expansion 
of the glass, the increa&ed volume of the liquid due to heating 
shows itself as an increase ofl&n/gth of the liquid column. 

' Real and apparent expansion of liquids.— Hitherto the 
expansion of the glass containing a liquid has not been con- 
sidered. But the glass, like most substances, also expands 
when heated, though it may not be noticed, as the expansion 
of the liquid is so much more. The momentary sinking of the 
liquid levels when the flasks were first placed in the warm 
water in Expt. 31 li. (b\ was caused m each case by the ex- 
pansion of the flasks. The flasks becoming warm first, increased 
in size. The liquid level fell. As soon, however, as the contained 
liquid began to get warm, with its greater 
rate of expansion, it outstripped the expan- 
sion of the glass and the liquid level rose 
again. The amount which a liquid expands 
appears less than*it actually is because of 
the expansion of the vessel. This expansion 
which it appears to possess is called its 
apparent expansion. To obtain the real 
expansion of a Injuid it is necessary to 
add to the apparent expansion the amount 
tlie glass expands, or, 
real expansion _ its apparent .expansion of 
of a liquid expansion the glass. 
If any two of these values are known, the 
third can evidently be easily calculated. 

It will be seen that in the case of a ther- 
mometer and in Expts. 32 and 33 apparent 
expansion only is observed. 

Expansion of gases.— The expansion of 
ga^ is very much greater than that of 
either solids or liquids. Thus, 273 cc. of 
drj jiir at 0® 0. become 274 c.c. at 1®C. and 
373 C.C. at 100“ C. The coefficient of expan- 
sion is consequently ; and this is practically the coefficient 
for all gases. This law is not, however, strictly obeyed by all 



Fig. 100.— Determina- 
tion of co-officicnt of 
expansion of a gas. 
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gases, though air and some other gases conform to it with great 
accuracy. The air thermometer is often used as a standard, 
since the expansion of air with increase of tempei attire is both 
regular and large. 

The coefficient of cubical expansion of a gas can be determined 
by enclosing a definite quantity of air m a long narrow tub© 
closed at one end, the gas being separated from the air by a 
tiny thread of mercury (Fig 100). The length of the column of 
air represents the original volume of the gas The expansion 
the air undergoes will push the index outwards, and these 
movements can be observed. If temperature observations are 
simultaneously taken, the expansion per unit volume j)er degree 
of temperature can be obtained. 


Coeificients of linear expansion of solids. 


Brass, - 

Erpctnsion 

Per r)ci<rco 0 

- OOOOOlft 

Iron, 

Exif>anMon 
Fer Degree C. 

0 000012 

Copper, - 

- 0 000017 

Platinum, 

0-000009 

Glass (tube), - 

- 0000008 

Zinc, 

0*000029 

Coefficients of cubical expansion of liquids. 


Alcohol, 

. 0-00109 

Olive oil, 

0 00068 

Glycerin, 

- 0-00033 

Turpentine, - 

0 00105 

Mercury, 

0-00018 

Petroleum, - 

000099 


Coefficient of expansion of gases. 

Incruase ot Volume at 
(Vinatant Freasare. 

Hydrogen, 0 00366 

Air, 0 00367 

Carbon dioxide, 0 00371 


CHIEF POmTS OF CHAPTER IX. 

Effects of beat. — (1) Change of size. (2) Change of state. (3) 
Change of temperature. Change of size is known either as expanawn 
'or contxQCtion, The former is generally brought about by heating, 
the latter by cooling. 

Expansion and contraction by heat must he taken into account 
in (oi) laying railway lines, {h) fixing steam or hot-water pipes, (c) 
building bridges. The effects are utilised in fixing iron tyres to 
wheels. 
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Choice of materials to he used in a thermometer.— (1) The sub- 
stance used should expand a great deal tor a svtnall increase of 
tcmp(irature. (2) If a lupiid is used it should not change into a 
solid unless cooled very much, or into a gas unless heated very 
much. (3) The liquid should Ire m a tine tub«‘ with a comparatively 
large bulb at the end. 

Reasons why mercury is used for thermometers. — In addition to 
the reasons above, (a) its l(‘vel can lie easily seen ; (?>) it does not 
wet the vessel in which it is conbiined ; (r) it is a good conductor of 
heat ; {d) very little heat is reipiiivd to raise its temperature. 

The fixed points on a thermometer. — ( 1 ) The temperature at which 
ice melts or wattu* freezes : (2) tlu', temperature of the steam issuing 
from boiling water when the barometer stands at 30 inches. 

Thermometric scales. — The distance between the freezing and boil- 
ing points on the stem of a thermometc'r may be divided as follows : 

Falircrilicit CentiK»a(io Rdaiimur 
sccilo scale. scale 

Roiling point, - - - 212“ 100“ 80“ 

Freezing point, - - 32“ 0“ 0“ 

Coefficients of expansion. The fivaction of its length wliicli a body 
expands on being heated through 1“ C. is called its coefficient of lincAir 
expaimon. 

Tlie fraction of its volume, measured at 0“ C , which a body 
exiKinds on being heated 1“C. is called, its coefficient of cuhicnl 
exiMinmon. 

When the total expansion for a large change of temperature 
IS observed, the av(*iage eliange for <*aeh degree is called tlic' mean 
expansion botv’ccui the extreme temperatures, and the average 
coefficient the mean coefficient. 


EXERCISES ON CHAPTER IX. 

1. A flask (‘ontaming pure water is heated by a single burner and 
one tliermoriieter is placed with its bulb l>elow the surface of the 
water, and another thermometer with its bulb just above the 
surface. Wlien the wati'r IkuIs the readings of the two thermo- 
meters arc taken. Will the readings be the same ’ 

What will be the efieet on the reading of each thermometer (1) of 
placing a si'oond burner under the flask, and, (2) of dropping some 
common salt into the flask ? 

2. Describe carefully the manner in which the freezing and boiling 
points on a thermometer are determined. 

3. Take a glass tube open at one end and having a bulb at the 
other. Hold the tube so that the open end dips into water. Heat 
the bulb gently with a spirit lamp for a minute or two, and then 
take the lamp away. What will lie observed ? How can you 
account for the facts observed ? 
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4. Mention conditions that should Ixj siitisfied by the bulb and 
tube of a mercury thermometer. Civo the reason for each condition 
that you state. 

5. I take two equal flasks, the mouths of wliich are fitted with 
bored corks carrying long glass tubes, and fill one with water 
colonrod blue, and the other with methylated spir-its coloured red ; 
I then plunge them both into kuling water. Explain what will 
take place, giving reasons. 

6. Describe carefully how to constnict a common thermometer. 

7. What is meant l)y coe/ficknt of exjmmlon Give a method of 
finding it in the case of (a) li solid bar, (h) a liquid. 

8. One-fifth of a bottle is filled with (jold water ; the bottle is 
tightly corked ; the cork is pierced by a bent tube, one end of which 
dips into the wvater of the liottle and the other into water standing 
in an open vessel. Descr ibe the i*esults that may be observed if the 
bottle and its contents arc heated up to a temperature of 99“ Centi- 
grade, and then allowed to ccm)!. 

10. A nurse cleanses a doctor’s thermometer which reads up to 
105“ F. in lK)ili!ig-hot water. The doctor now finds that the 
thermometer is useless. Why is this ? 



CHAPTER X. .. 

CHANGE OF STATE, MELTING POINT, BOILING 
POINT, VAPOUR . 

Change of state. — Substances exist in three states, namely, 
solid, liquid, and gaseous. By the action of heat a substance 
may be changed from one state to another. A^x, for instance, 
is usually a solid, but by heating it becomes a liquid. Butter 
can in the same way easily have its state altered from solid to’ 
liquid. Lead and .zinc are also melted when heated, but at a 
higher temperature than wa3c or butter. 

A good example of the changes of state produced by heat is 
obtained by heating a piece of ice until it becomes water, and 
then heating the water until it passes olf into steam or water 
vapour. Here the same form of matter is by heat made to 
assume three states ; in other words, ice, water, and steam are 
the same form of matter in the solid, liquid, and gaseous state 
respectively. 

Change of state includes changes in tlie physical condition 
known as liquefaction or becoming liquid, and vaporisation or 
becoming converted into vapour. Thus, if we heat ice it is first 
liquefied or becomes water, and is then vaporised or becomes 
steam. 


35. LIQUEFACTION. 

1 Meltiiig point of wax. — Melt a little paraffin wax in a beaker, 
and immerse the bulb of a thermometer in the liquid. When the 
thermometer is taken out, a thin film of liquid paraflan will bo seen 
upon it. Let the bulb cool, and notice the temperature when the 
wax assumes a frosted appearance, which shows that it is solidify- 
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mg When the wax on the bulb has become solid plaoe the ther 
mometer in a beaker of water and gently heat the water Observe 
the temperature afc which the wax becomes transparent again The 
average of this result and the precedmg one is the melting point of 
paraffin wax 

ii Melting point of batter — Place a little butter in a test tube, 
and stand a thermometer in it Place the test tube in a beaker of 
water being gently heated on a sajj^bath Notice the temperature 
at which the butter melts Take ou^‘ the test tube when the butter 
has all melted and let 
it cool Notice the 
temperature at which 
it solidifies 

iit Melting point of 
joe— Put some small 
pieces or shavings of 
clean ice into a beaker 
and insert a thermo 
meter into them Re 
cord the temperature 
indicated Pour in a 
little water stir the 
mixture and again re 
cord the temperature 
Place the beaker on a 
sand bath and warm 
it gently Notice the 
reading of the thermo 
meter so Img as there —An experiment to illustrate regelation. 

%a any ice unmelted 

In all these cases the reading of the thermometer is practically the 
same indicating that the temperature of melting ice is constant 

Iv Regelation.— (a) Press together two pieces of ice under water 
Notice that they stick together 

(6) Support a block of loe as in Fig 101 Pass over the block a 
loop of copper wire Hang on to the wire a 66 lb weight Observe 
that the wire outs its way through the ice and that the melted 
ice freezes again behind it 

^ Temiierature of melting -When a solid is heated, the first 
effect 18 usually an increase of size But if the heating is 
continued long enough, when the solid reaches a certam 
temperature, which differs with different solids, melting begins 
The solid changes into a liquid. The temperature at which the 
meltmg takes place is call^ the melting ^ int Thus, when a ^ 
lump of lead is heated, its temperature rises, it gets larger and 
as the heating is continued it is converted into a silvery looking 
liquid W]^ ice, and iron are other examples of solids which 
But ice^ wax, lead, and iron differ very widely in the 
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teiii|>oratures at which they begin to melt, as the following table 
Hh*»wa 


leo melts at - - - - - O'" C. 

/ , JBnciS-wax „ 62 " C 

r ^ Lead „ 330’’ C. 

^ 1 Cast-iron „ - - • - 1200" C. 


. So long as any of the solid remains uu melted, the temperature 
do(‘s not rise above the melting point. You can easily satisfy 
yourself that this is true in the cjise of ice. If you obtain some 
small pieces of clean ice, ami thrust a Ccntigiude thermometer 
into thoin, you will notice that the thermornoter records a 
temperature of 0“ C Or, if you put some of the ice into a 
beaker, and pour in some water, you will find after you 
have stiried the ice and water together for a little while, pro- 
vided ^oii liave put enough ice to bo sure that it docs not all 
melt, that the thermometer still records a temperature of 0® C. 
Even if you jmt the beaker, with the ice and water in it, 
over a laboratory b;jnier and warm it gently, you will still find 
that, so long as there is any ice unniclted, the thenuomi'ter still 
reads 0” 0. It is evident, then, that the temperature of melting 
ice IS ahvays the same, and remains the same so long as there is 
any ice iinmelted. Moreover, to change the state of a solid, 
without changing its temperature, heat is expended. 

Begelation. —If two pieces of ice, near the melting point, are 
' pre.ssed together they adhere. Tlie pressure at the p(UftliM>^ 
* ^ontjict causes the melting point to fall and the ice in the neigh- 
bourhood melts On releasing the pressiii’c freojing again takes 
place, ciiid tlie masses are joined together. Tliis plienomenon 
IS called regelation. It is in consequence of this that glaciers — 
rivers of solid ice — curve and flow like water. Fig. 101 shows an 
interesting example of regelation. 


36. VAPOEISATION. 

i Cool^ produced hy evaporation.— {») Sprinkle a few drops of 
spirits oLwiiie, sal-volatile, or cither on your hand. Notice that 
the liquid soon disappears, and that its presence in the air can 1 k) 
detected by its smell. The rate at which the liquid evaporates is in- 
creased by weaving the hand about. Notice that the hand feels cold. 
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(5) Pour a few drops of water upon a dry piece of thm wood and 
stand in the water a thin beaker containing a little ether Blow 
vigorously downli tube having one end m the ether (Fig 102) or use 
a pair of bellows The ether rapidly evaporates and m do%ng 80 
takes hea t from the water 
betweetT the beaker and 
piece of wood The beaker 
and wood become frozen 
together 

(c) Heat and boil water 
f in a daak By means of 
th ermo meter observe the 
gradual rise of tempera 
ture until the water boils 
lake the temperature at 
'intervals while the water 
18 boiling Notice that it 
remains oongjant though 
heat is being added all pio |Q2 — Experiment to show that water 
the time may be frozen by the rapid evaporation of ether 

close to it 

Heat is reauired to 

change a hcpud into a vapour —When a liquid is changed 
into vapour a certain amount of heat is used up It does 
not matter whether the liquid evaporates or boils every gram 
of it requires a certain amount of he it before it becomes 



^onverted into vapour In boiling, this heat is supplied 
by the flaijie or fiie, and in evapoiation it is taken fiom the 
objects in contact with the liquid The fastei the evaporation 


the more quickly is heat absorbed in this way When a liquid 


evaporates very rapidly the cooling pioduced is veiy noticeable 


For instance, if a few drops of either spirits of wine or ether 
are sprinkled upon the hand the liquid soon disappears and the 


hand feels cold The heat necessaiy for the evaporation of 


these liquids is taken fioni the hand or from any other things 
with which they are in contact, consequently the hand becomes 
cooler and cooler as the vapoui is foimed So much heat may 
be absorbed in this way that as illustrated by the experiment 


shown in JBTg 102, water can be frozen by the evaporation of 
ether in a vessel in contact with it 

^ lu t ropical cau ntries. where the land gets very hot during the 
day, evaporation takes place so rapidlv after sunset that the 
water sometimes becomes so much cooled, by the extraction of 
the heat required to bring about the change from liquid to 
vapour, that the water freeze 
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You will probably yourself have noticed that not only is the 
dust laid by watering the roads in summer^ but the air is 
pleasantly cooled by the evaporation of the water 
It has been shown by several different experiments that 
when once water has started to boil, its temperature gets 
no higher than the boiling point So long as there is any 
water left, no matter how much you heat it its temperature 
remains the same 






37 BOILING POINTS 


1 Ddtera^nation of boiling: points —(a) Put a little methylated 
spirit in a*test tube and gradually heat it in a beaker of water 
until the spirit boils Find the temperature of the boiling spirit 
and of the vapour and record the results 

(6) A convenient arrangement for determining the boiling point of 
a liquid IS shown in 1 ig 95 A can or flask F is fitted with a cork 
through which a glass or brass tube B passes Surrounding this 
tube IS a wider tube G fitted upon the inner tube by means of 
a piece of thick india rubber tubing D At the top of the outer 
tube is a cork E having a hole in which a thermometer can be fitted 
When the water in the flask is boiled steam passes up the inner tube 
B and down the wide tube G and escapes at the outlet Q into the 
open air 

(c) To use the apparatus gently push the top of the stem of the 
thermometer mto the cork which fits in the outer tube adjusting it 
so that the 100 point is just below the cork 
Fit the cork in its place boil the water and 
when steam has been coming off for about a 
quarter of an hour raise the cork and read 
the thermometer Repeat the observation 
1 after a few minutes and when two readings 
j obtained at an intervgil of about ten minutes 
agree record the observation Determine the 
a boiling points of water tuipen^e milk beer, 
4 jvipfigar and whisky — — ^ 

ii Vapour pressure —(a) Fill a long tube 
with mercury and invert it in a vessel of 
mercury (Fig 105) Keep this tube to show 
the pressure of the atmosphere Pass up a 
second barometer tube three or four drops of 
water by means of a cur^gednyette as shown 
m Fig 103 Observe thed^ppession of the 
mercury column and that the water has evaporated Phss a few 
mcue^oioM of water up the tube Note that no further evapor 
ation takes place ana no further depression of the mero&y 



Vu . ii-3. - 
pi].:!!.' 

witter into barometer 
tiilw. 
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Repeat the experiment with the other tubes shown in Fig 105 
using alcohol and ether Tabulate your results 


Liquid used 

Water 

Alcohol 

Ether 

^ Depression of 
^ mwoury column 




Temperature 





(&) Introduce some mercury into the bent tube (A big 104) Pour 
a little alcohol into the longer tube and by tilting the apparatus 
allow the alcohol to creep round the bend until some is introduced 


n 



Fio 104 —Determinatioxi of boiling point of alcohol 


into the shorter tube (By Fig 104) Place the apparatus m a beaker 
of water with a thermometer Warm the water and read the 
thermometer at the instant the paercury stands at the same level m 
lioth arms of the apparatus The reading of the thermometer is the 
boiling point of alo<Hiol 
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Vaponr pressure and boiling point —The apparatus repre- 
sented m Fig 96 and described m Expt 37 i (b) is used in 
the determination of boiling points The thermometer is 

immersed in the vapour from the 
boiling liquid and is protected 
from cooling by an outer chamber 
through which is flowing the 
escaping vapour When the tern 
perature as indicated by the 
thermometer has become station 
ary its reading is taken as the 
boiling point of the liquid At 
this temperature the vapour pres 
sure is equal to that of the 
atmosphere 

If a liquid IS introduced into a 
^ j^ acu um it rapidly evaporates A 
limit IS however reached when 
with the vapour in contact wit? 
.its own liquid, evaporation ceases 
The space is saturated with the 
vapour That the vapour exerts 
a definite pressure can be shown 
by the appaiatus represented in 
Fig 106 The first tube on the left 
IS an ordinary barogieLtor-tube the 
remaining three have had intro 
duced into them respectively water, 
alcohol, and ether The water 
having evaporated into the Tom 
cellian-vftcuum causes but a slight 
.^jjnfall of the mercury column The 
i. , i ^alcohol and the ether exert an 

pressure ^ ^ ^ increased pressure The depres 

^^tsion of each m ercu ry columl^j 
measures the pressure of fe-ch v apour at the temperaflSre 
of the experiment If the liquids and vapours in the tubn^ 
are warmed their pressures increase, and the mercury level 
falls When each has reached its boiling point the mer 
cury level outside and inside the tube is the same The 
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ther will first reach this ata^o, its boiling point being 
owest. , 

Tins method of obtaining boiling points, usually einjiloyed for 
iipiids which boil at a lower teiinicratnu* than water, is more 
onvenicntly used in the apparatus shown in Eig 104. The 
Kluid, the boiling ])omt of which ns roipiircd, is introduced 
nto the shorter aim of the Ix'iit tube. The apparatus is 
leated in a water bath until the mercury level is the same iii 
)()th arms. The vapour ])ie.ssiire is now etpial to that of the 
itmos]ihore The reading ot the thermometer gives the Iioilmg 
3oint reipiired. 


38. EFFECT OF PRESSURE ON THE BOILINO POINT. 

i. Water hoiling under diminished pressure.— Boil some w.itei in <i 
lask, and lot it contimii* to Innl ioi wane minutes until you can hi* 
uuo all the air la driven out ol the ilaak. Bemove, the tmrner and 
[[uickly inscit a woll-tittiiig coik. Allow tlie fi.i^k to cool lor a lew 
minutos, tlien tuiii it upside down on a suitable suppoit and tluow^ 
fiold water on to the flask. Notice the watei again starts boiling 
vigoiously. 

Water boils at a lower temperature under diminished 
pressure. — Pressure has a great iiiflueiiLo on the boiling point of 
aliipiid The weiglit of the atmospheie at the sui face of the 
earth is, it will be remembered, equal to that of a weight of 
15 lbs on every square inch In studying the piessure of the 
atmosphere it was seen that its amount iqion an object depends 
upon the extent of the air above the objeet This pressure w’lll 
be less at the top of a mountain than at the bottom of a mine, 
and eonseiiuently the jiressure of the air will tie iii tin* former 
situation less than in the latter. If w^e wish to boil a liijuid, 
therefore, in those cases w.hpre the pressure of the atmosphere is 
great, wc shall have to heat the iKpiid moie’befoie the bubbles of 
vapour formed can escape at the surface of the liijuid than when 
the pressure is less. If w^e heat the liijuid iiioie, its teniperatuie 
will get higher before there is any conveision into vapour, and 
consequently its boiling point will l>e higher when tlie pressure 
is greater. Tn finding the boiling point of a liquid we mii.st 
therefore know the pressure of tlie atmosphere at that time and 
place. 
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Example of water boilmg at a lower temperature uuder 
diminished pressure — A very simple experiment convinces us 
that water may boil at a temperature considerably below 
100 C when the pressure upon its surface is diminished All 

it IS necessary to do is to 
take a sound cork which 
tightly fits the neck of a 
round bottomed flask We 
then boil some water in 
the flask and allow it to 
continue boiling for some 
minutes so that all the air 
in the flask is driven out 
and its place taken by 
steam The burner is then 
removed and the cork m 
serted into the neck of the 
flask as rapidly as possible 
After standing to cool for 
a minute or two, when, 

, owing to cooling, the tern 

Fio 106— Water below 100 boiling under , 

diminished pressure perdture can no longer be 

100 C the flask is turned 
over and cold water poured upon its upturned under surface or 
a cold wet sponge is squeezed upon it as shown in Fig 106 
The cold water causes the steam in the flask to condense, and, 
as no air can get in, the pressure on the surface of the warm 
water is now less than it was before and therefore the water 
IS seen to boil quite briskly again 



39 WATEB DOES NOT ALWAYS EXPAND WHEN 


T t Anomalotis expan8i( 


HEATED 

Ion of water — Procure or construct an 


apparatus^*' tIfB’** Wfm shown in Fig 107 The cyh otocal bu lb 
.should be about 10 cm long and 1 5 cm in diameter ancT^elMffSte 
in a oan iUarY tu be having a bqj^ of about 0 5 mm Heat the bulb 
Und let it cboTwith the open end of the tube inverted in mercury 
By this means sufficient mercury {M) may be introduced %d occupy 
about one seventh the volume of the bulb Then mtroduce in a 


similar way sufi&oient boiled dis tilled water to fill the remainder of 
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the bulb and part of the stem A short length of oil may also be 
introduced to prevent ab soro tion of air and evaporation A paper 
mil lipiptre scale is then aEESShed to the capillary*"*^ 
tube 

Support this apparatus in a wide test tube con 
taming mercury so as to secure uniformity of 
temperature Place a thermometer in the mer 
cury and support the wide tube containing it 
and the apparatus in a beaker of cold water 
Notice the position of the top of the liquid in 
the tube and read the temperature shown by 
the thermometer Add ice to the water and as 
the temperature falls notice the level of the 
liquid in the tube for every degree down to 1 
or 2 C 

Then let the water in the beaker gradually 
nse in temperature adding a little warm water 
if necessary and again observe the positions at 
the same temperatures as before The mean of 
the two positions observed for each temperature 
should be taken as the true reading for that 
particular temperature By means of squared or 
/pection paper it is easy to construct a curve to 7 [ | 

/represent gr a^p hioally the observations of the ^ 
changes of vdmme of water at temperatures near 
the freezing point 

The observations with or without the curve con 
structed from them will show the temperature at 
which the water in the apparatus has the smallest 
volume and therefore the maximum density 

7 Glianges in volume and density as water 
tS cooled — It has already been leaint that if 
the volume of a body gets greater while its 
weight remains the same what is called the 
density of the body must get less and less It 
IS quite clear that if the same amount of 
matter occupies a larger space, it must be 
less closely packed into that space, and it 
18 the closeness with which matter is packed 
into a space which we have learnt to call 
density What changes in density take place 
wEen water is gradually cooled? Since it has 
been proved by experiments that the same weight of water 
gradu£^lly gets smaller and smaller in volume as it is cooled 
down to 4 0, we can also express the same fact m another 
way and say that its density becomes greater and greater as 
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Fio 107 — Ap- 
paratus for the de 
termination of the 
changes of volume 
of water near the 
freezing polpt 
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It IS cooled down to 4 C As from this temperature it gets 
larger as the cooling is continued, its density ipust get less and 

less On the contrary if we 
begin with water at 1 C 
and gradually warm it, the 
density steadily increases up 
to 4 C , and from that 
temperature upwards the 
density regularly diminishes 
Because any weight of water 
has a smaller volume at 4 C 
than at any other tempera 
ture or, what is the same 
thing, has a greater density 
at this than any other tern 
perature 4 C is referred to 
as the temperature at which water has its maxlm yn d ensity 
HopejOJUiaiatllS — An experiment with what is known as 
ope’s apparatus shows very well that water is at its maximum 
density at 4 C A cylinder pro 
vided with two side necks in the 
way shown in Fig 109 is filled with 
water at the same temperature as 
the air Into the side necks, corks 
with thermometers passing through 
r/them are fitted A freegjji; mix 
time, which can be made by mixing 
salt With pounded ice, is applied to 
the middle of the cylinder This is 
done by filling a vessel, fixed round 
the middle of the outside of the 
cylinder, with the mixture in a way 
which the illustration makes quite 
clear The freezing mixture, of 
course, at once cools the water in 
the middle of the cylinder On watching the thermometers 
it is found that the first effect of the cooling is to cause the 
temperature of the lower thermometer to fall 
The temperature of the upper thermometer however, remains 
mudtered The only way in which this can be explained w lof 



Fio 109 —Hope s apparatus for 
the observation of the tempera 
ture of maximum density of 
water 



Fig 108 —Ohanges In the volume of water 
between 0 and 8 C 
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supposing that as the water in the middle of the cylinder is 
cooled it gets colder and sinks to the bottom As the cooling 
proceeds it is found that the water at the bottom of the cylinder 
never gets below 4 G But soon after the water at the bottom of 
the cylinder has reached 4 C, the temperature of the upper 
thermometer begins to fall, and goes on getting lower till it 
actually reaches 0 C But all this time the watei at the 
bottom remains at 4 C Now it is quite clear that the densest 
water will sink to the bottom and as the temperature of the 
water there remains at 4 C it may be concluded that water 
this temperature is denser than at any other ^ 



WATER BELOW A TEMPERATURE 
OF 4 Q PISINO TO THE TOP 


ICE AT SURfACE WATER 
AT TEMPERATURE OF, A/C 


Fio 110 —Stages in the freezing of a pond of water 


These considerations are summed up in the statement Ntho.t 

water at a temperature of 4 C expands whether it Is heated 
or coole4* 

EesiUtg m nature of the peculiar expansion of water 


From th^ results of an experiment with Hope’s apparatus, or 
a consid^ation of the exp ansion and contraction of water, it is 
easy to Understand what havens wESnThe water of a pond is 
gradually cooled on a frosty htgkjt, As the temperature of the 
water at the surface gets lower and lower, the water there con 
tracts and is consequently denser It therefore sinks, and its 


place 18 taken by warmer water from below The same cooling 
and sinking of the surface water continues until the tempera 
ture of the whole of the water is 4 C , at which temperature it 
has its maximum density, and consequently when the water at 
tlm bottom of the pond i caches this temperature it remains 
where it is After the temperature of the water at the surface 
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has reached 4 C , any further cooling causes it to expand and 
get lighter, and this result continues until 0 Q is reached and 
the water at the surface is changed into ice, which, being con 
siderably lighter than water, remains on the surface Ice is, 
moreover, a very bad conductor of heat, and consequently the 
temperature of the water below the ice gets cooler very slowly, 
and the thickness of the ice increases at but a small rate 
This condition of things prevents several disastrous conse 


8-^EAI^ (lAVINC 1700TIMESTHE 



Fig 111 —Graphic representation 
of the changes of volume and tern 
perature accompanying changes of 
state of water 


quences which would of necessity 
follow if ice were denser than 
water If ice were denser than 
water it would sink to tho bottom 
of the pond at the moment it 
was formed and as the frost 
continued the ice would spread 
throughout the mass of the water, 
and not only would this result m 
the destruction of all the water 
animals in the pond, but it is 
more than probable that the heat 
of summer would be insufficient 
to melt it completely 
Summary of results —When 
a piece of ice at a temperature 
below 0 C 18 warmed it expands, 
like most other solids, until the 
temperature of 0 C is reached 
At a temperature of 0 C, we 
know that it melts and changes 
into water at 0 C While this 


change is taking place, though heat is continuously being 
added, there is no rise of temperature The heat is used up 
in changing the state of the ice After all the ice has been 
changed into water at 0 C , each successive addition of heat has 
two effects. First, the temperature is raised, and secondly, the 
size or volume of the water is altered Whilst, however, the 


temperature rises regularly, the alterations in size are not 
regular the size of the water gets smaller and smaller to 
' begin with for every degree increase of temperature This 
IS contmled dntil the temperature of 4 Q is reached, at whicb 
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temperature the water has a smaller size than at any other, or 
is at its maxiiDuiji density. From 4" C. ornvaids tlie tempei-atiire 
and volume increase together as the water is more and more 
heated, and this holds true until a temperature of lOO^C. is 
reached, when the water boils and is changed into steam. 
When once the water has commenced to boil, the temperature 
remains at 100“ (J., or, as it is called, the hoiltncf point of water, 
so long as any water is left. Tf steam is plant'd in an enclosed 
vessel away from water, its temperature can, of course, be raised 
above 100“ Cv‘ • in this case, what is known as superheated steam 
would be obtained. 

40. FREEZING MIXTURES. 

A Freezing Mixture. —Mix live' paits of pounded ice with two 
parts of coinnioii salt m a iiioitar Place a tt'st tube ])artly tilled 
with water in the nnxtuie. Attej a few nimutcs the water will be 
found to licoze. Find the temiieiature of the niixtuio with a 
thermometer. 

Wo have seen that melting takes place at a teinpei’ature 
which IS fixed ac<‘ording to the nature of the solid. The heat 
used to produce the molting does not raise the temiierature and 
it IS therefore called latent or hidden lieat. If a stdid melts, 
heat is therefore absorbed, and if the beat is not supplied by a 
gas flame, for instance, it is obtained fiom the vessel holding 
the solid, which will consequently fall in toniperatiue When 
salt 18 mixed with broken ice, the ice melts and the vessel con- 
taining the mixture, and the nuxtuio itself, fall in temperature. 
The ice is caused to melt by being mixed ^\lth the salt. ISuch a 
mixture is called a freezing mixture, for it is used to freeze or to 
cool greatly substances placed in the mixture. 

Examples of freezing mixtures. 

Snow, or pounded ice\ produce a Snow - - - 1 produce a 

Salt- - - - /fall of 20“ C. Hydrochloric Acid /fall of 42“ C. 
Snow - - produce a Sodium Sulphate - 1 produce a 

CaloiumXlhloride -/ fall of 45“C. Hydrochlonc Acid / tall of 28°C. 

CHIEF POINTS OP CHAPTER X. ' 

Me lldng point. — The temp('rature at which a sohd changes into a 
liquioiscalled its meltvng point, 

The melting point of a solid is lowered by pressure. Two pieces 
of ice, if pressed together with sufficient force, beeomfe united 
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through melting and the ro-freeziiig on the release of the pressure. 
The phenomenon is called regelation. 

Boiling point. —When a liquid is clianged into a vaxiour hy the 
formation ot bubbles in its interior winch es(*a])e at the surface of 
the liipiid it IS said to Inal The tempeiatuie at which tins takes 
place is (jailed the boiling ftoint. 

The lioiling point of a Inpud is always raised by an increase of 
pressure. 

Changes in volume as water is cooled. -Water sti^adily contracts 
as it IS cooled to If the (jooling is contniuecl Ixdow 4°C., the 

water begins to expand, and do(\s so until 0'^ C is nvichtxl. 

The density ot the water in the same circiiiiistanees iiiei eases until 
4°C IS r('aoh(‘d, fiom whi(jh tem])ei atiirc it dniniiishes as the cooling 
proceeds ; 4“^ C. is known as the temperature of maximum deimfy o} 
imlet 

In its conversion into ict\ watt‘r expands very nnujli and with 
great force. Ice expands with a rise and contiaots witli *i fall ot 
temperatuie. 

Freezing mixtures.— Certain solids when mixed t()g(*tlicr sutler a 
great tall in temperature. 'Fins tall is due to the absoiption of heat 
by the mixtuio on li([uefying. 

EXERCISES ON CHAPTER X. 

1. A vessel of water at the freezing point contains two small ghass 
bulbs. One is at the bottom, tlie other floats, but is almost wholly 
lielow tlic surface. The water is gradually lu'ated ; soon tlie Imlb that 
was at the bottom uses, but after .i while sinks again, and remains 
sunk. What is the meaning ot tins liehaviour How will the other 
bulb behave dining the h(*ating ot the water’ 

2. Describe bow you would graduate a theimometei Would 
any correijtion be necessary if you did it on the top of a mountain, 
or at the bottom of a (joal mine ? 

3. What do you understand hy the tempi*! ature ot niaxiniiini 
density of water? How luis the temperatuie been deti'rnnned ’ 

4 By means of an india-rubber tube the steam from a boiling kettle 
is passed into a mixture of ice and water in winch a thermometer is 
placed. The experiment is continued for a considerable time, the 
mixture being kept well stirred. Describe the lesults which may 
be observed and the behaviour of the thermometer 

5. A few drops of water are poured into a flask ; the flask is 
lioiled for a minute or two over a spirit lamp, and then quickly 
plunged, mouth downwards, into cold water. What results may 
be observed ? How do you account tor thc'se results ? What results 
will be obtained if the flask is kept empty, but allowed to stand in 
boiling water before being plungeit into the cold water ? 

(5. I)osoribc experiments which you have seen illnstratiiig the 
conversii3n of (a) a solid into a gas, {b) a liquid into a solid, (c) a 
li(juid into a gas. Describe wliat you have observed during each 
process. [Reference to any of the forms of water must be excluded 
from your answer.] 
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QUANTITY OF HEAT AND ITS MEASUREMENT ; 
SPECIFIC HEAT; LATENT HEAT. 

41. QUANTITY OP HEAT IN RELATION TO 
TEMPERATURE AND WEIGHT. 

1. Distinction between temperature and heat. —Place a can or 
beaker containing water over a burner. Place in the can a small test- 
tube containing water. After the can has been heated for a little 
time, observe the temperature of the water in the test-tube and 
surrounding it ; it will be the same. Take away the burner, and 
lift the test-tube out of the can. You now have a small quantity of 
water and a larger quantity both at the same temperature ; but 
there is more heat in the large amount than in the small amount. 
Prove this by pouring the hot water from the test-tube, and that 
from the can, into the same quantity of cold water from the tap in 
separate large beakers. The large amount of hot water will thus be 
found to have a greater heating effect than the small amount ; hence 
it must have possessed more heat than the small amount. 

ii. Result of mixing hot and cold equal weights of the same sub- 
stance. — (a) Put a certain weight of warm water in a beaker, and 
the same weight of cold water in another beaker. Observe the 
temperature of each lyr means of a thermometer. l*our the cold 
water into the hot. It will be found on stirring them together 
with the thermometer (tfiking care not to break the thermometer), 
that the temperature of the mixture is midway between the two 
original temperatures. 

(&) From the observations construct a table like the one below, to 
show that the temperature, produced by mixing equal weights of 
the same liquid at different temperatures, is equal to half the sum of 
the temperatures : 


Tempemturo of 
Water .4. 

Tomporatnro of 
Water B, 

AJfB 

2 ■ 

Temperaturo 
of Mixture. 

1 

i 

1 

i 

- 
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ill. Equality of loss and grain of heat.— (a) Weigh about 200 gms. 
of cold water into a lieaker, and observe its tenipeiature. Put the 
same weight of water into another beaker ; heat it to about 45® C. 
Now place the beaker of hot water on your table, with a thermo- 
meter in it, and observe its temperature. When the temperatui’e 
has fallen, to say 40° 0., take hold of the beaker with a duster, and 
quKjkly pour the hot water into the cold. Stir up th(» mixture with 
the thermometer, and observe the temperature after mixing. Record 
your observations as below . 

Weight of cold water, - - - - . . ..gms. 

Temperature „ - - - - .. "C. 

,, of mixture, . - . ° 0. 

Number of degrt'os through which the 
temperature of the cold water was 
raised, ... . °C. 

Weight of hot water, - - , - ....gms. 

Temperature of hot water, - - - .^C. 

Number of degrees through which the 

temperature of the hot water fell, - C. 

Tabulate the gain and loss of heat that occur, as shown below : 

Gam Loss 

, > , , ^ ^ 

Weight of cold water. Weight of hot water 

X its rise of tempiTature x its tall of temperature 

X X 


The gain will bo found to bo slightly less than the loss. This is 
not really the case, and it only appears so because the amount of 
heat required to raise the temperature of the glass of the beaker 
containing the cold water has not been taken into consideration. 

(h) Repeat the experiment, using unequal weights of hot and cold 
water. Notice that in each case the weight of hot water x the fall 
of temperature is approximately equal to the weight of cold water 
X the gain of temperature. The ditFerence shows the amount of heat 
absorbed by the glass of the cold beakcjr. 

The amount of heat gained by 1 gram of water when its tempera- 
ture is raised TO., or lost when its tempeiature falls 1°C., is 
adopted as the unit quantity of heat. 

Difference between heat and temperatnie.— Temperature 
is not heat ; it is only a state of a body, for the body may be 
cold one minute and hot the next. A hot body is one at a high 
temperature, a cold body one at a low temperature. If a hot 
body and a cold body are brought into contact there is an 
exchange of heat until they are both of the same degree of hot* 
ness or coldness, that is, at the same temperature. Hence, 
temperature may be defined as a condition or state of a body wbieb 
^ is changed by the gain or loss of heat. 
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Analogy of temperature with water level.— It is well 
known that if tyo vessels containing water and arranged at 
different levels are connected by means of a piece of indiazrjilibcr 
tubing, there is a flow of water from the vessel of water at the 
higher level towards the vessel at a lower level. This is a con- 
8c<iuence of a property yiossessed by all liquids which makes 
them, as we say, seek thar own level. This flow of water con- 
tinues until the watei' in tlie two vessels is at the same level. 
Evidently tins i.s a similar stat<fof things to that which we 
have in the case of a liot and cold body in contact. In one 
case there is a flow of water until the level is the same in the 
two vessels. In the other there is a yiassage of heat until the 
temperature of the two bodies is the same. Tem}H*mturc corres- 
ponds to water -level. 

Temperature changes when hot and cold liquids are mixed. 

— Temperature may be i’eg.ardcd as heat- level, so that a hot 
substance is at a higher h Q^it-J^ ffcl than a colder one. Now 
suppose that a certain weight of hot water is put into one 
vessel and an equal weight of cold water into another. We shall 
then have erpial weights of water at different heat-levels. If 
the two lifyuids are mixed together, the temperature or heat- 
level of the hot water will fall, and the temperature of the cold 
water will rise. The lo.s.s of l^el of one will be equal to the 
gain by the other, so that the temperature of the injxture will 
bo midway between the two ong^inal temperatures Thus, if the 
weiglits of water are ccpial, and the temperatures at first are* 
60" C. and 20“ 0., then the teniperatui*e of the mixture will be 
40“ 0. The temperature of the hot water would fall 20“ CJ. 
and the temperature of the cold water would rise 20“ C. 

The actual temperature of the mixture would be slightly less 
than the calculated temperature, because some heat would be 
lost while the liiyuids were being mixed. The loss may be 
regarded as a le akage of h eat, and it would of course reduce the 
beat-level of the mixture in the same way that a leak in a water- 
level apparatus would cause the level after mixing to be less 
than it would be if the apparatus were perfect. 

^ QttMfttity of heat in water at different temperatures.— 
Quantity of heat may be measured by heating effect, so that we 
can say that the quantity of heat in a certain quantity of water 
depends upon the 'iveight of the water and its temperature. For 

L.S. I. L « 
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any temperature, say 60® C., we may regard the amount of heat 
in 100 grams of water as twice as great as in 50 grams of water, 
if we imagine for the sake of simplicity that water at 0° C. con- 
tains no heat. When equal or unequal weights of water at 
ditlerent temperatures are mixed, the quantity of heat lost hy 
tlie hot water is the same as the quantity gained by the cold 
water. The fall of temperature multiplied by the weight of hot 
water is equal to the rise of temperature multiplied by the 
weight of cold water. • 

Unit quantity of heat.— Now that it has been shown that a 
substance may possess dilferent (quantities of heat, it is time to 
consider how such quantities of heat are measured. As in all 
other cases of measurement, a unit or standard quantity is 
required with which to compare quantities of heat. The unit 
quantity of heat generally adopted is the amount of heat necessary 
to raise the temperature of one gram of water through one degree 
Centigrade. This unit is called a calorie or therm. The amount 
of heat required to raise the temperature of 2 giains of water 
through r 0. is thus 2 units or 2 calories. Similarly, if 1 gram 
of water at 0® C. is heated in a test-tube over a burnw^ntil its 
temperature is V C., it will have received from tlie burner 
1 unit of heat, or 1 calorie. When the temperature of this 1 
gram of water reaches 3®C. it will have received 3 units of heat. 
If the tube contains 10 grams of water at 0° C., and its tempera- 
ture is raised to 12® C., it will have received 10 times 12 units 
of heat, the number of units being equal to weight (in grams) 
X increase of temperature (in degrees Centigrade). 

It will thus be seen that the number of units of heat taken up 
by any weight of water as its temperature uses, or the amount 
given out by any weight of water, the temperature of which is 
falling, may be found by multiplying the number of grams of 
water used by the number of degrees, as measured by a Centi- 

S ade thermometer, through which the temperature rises or 
[Is. This rule may he written as follows : 

Number of heat-units = weight of water in grams x number 
of degrees C entigra de through which 
, its temperature rises or falls. 
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QUANTITY OP HEAT TNT RPXATTnTgLjrn SUB- 
STANCE AS WELL AS TO TEMPERATURE AND 
WEIGHT 

L Tlie same quantity of heat may produce different changes of 
temperature — Weigh out equal quantities of water and turpeQlj^ne at 
the same temperature in two beakers of the same size Pourequal 
quantities of not water at the same temperature into the cold water 
and into the turoentme Observe the rise of temperature produced 
m each case Though the equal amounts of hot water contain the 
same quantity of heat the rise of tern 
pcrature of the turpentine will be found 
to be more than the rise of temperature 
of the cold water in other words the 
capactty of turpentine for heat leas 
than the capacity of water fcyr heat 
li CkimpsudBon of rates at which water 
and mercury gain heat— Weigh out 
equal quantities of cold water and 
mercury at the same temperature m 
two test tubes or flasks Support the 
two vessels side bv side at the same 
distance above a flame or in a large 
beaker of boiling water Let them 
remain for a few minutes then observe 
their temperatures The rise of tern 
perature of the mercury will be found 
to be greater than the rise of tempera 
ture of the water in other words 
mercury gets hot more quickly than 
water under the same conditions 
lil Different quantities of heat in 
equal weights of different substances at 
the same temperature —Place equal 
^weights of lead and water in tcet^bes 
standing m the same beaker and heat 
them over a laboratory burner until the water boils the temperature 
of both the lead and water will then be about 100® C Prcmde twoi 
beakers containing equal v eights of cold water at the temperf|k|in*e 
of the room Put the hot le^ into one of these and the hot 
into the other Stir both mixtures and note the temperat^ ^ 
each case The water mto which the heated lead is plunged if hot 
at so high a temperature as that mto which the hot water m 
Equal weights of water at the same temperature are thusalj^itM 
to be heated to different degrees by equal weights of lead and water 
at i^e same high temperature. 

if* O aMUffty fig heat— Plaoe some iron nails m a beaker and the 
aauie weighii oi: o^d water m another beaker Let the two bqakere 
stand a so as to assume the tempesrature mm* 



Fio 112 ~>Bqual weights of 
water and mercury do not be 
come hot at equal rates though 
they both have the same oppor 
tuxnty 
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Boil water in a kettle or other veBsel, and pour equal quantities 
into the two beakel^. Oliacrire the temperature of the mixture m 
the twt) beakers. The iron nails will be found to bo hotter than the 
water in the other beaker, because iron takes loss heat to laise its 

temperature than is req lined by 
an e(|ual weight of water at the 
same teiiqieiature. 

V. Heat capaaty of iron and other 
metals.- («) Weigh out about 50 
grams of colrl water and observe its 
temperature. Put into a test-tube 
an e<£ual weiglit of irrm tacks; stand 
the test-tiibt% with a thcimoinetcr 
surrounded by tlie tacks, in a beaker 
of watiT, and boil the w'ater 
(Fig 113). Observe the temperature 
ot the tacks, and when the water 
has been steadily boiling for some 
time, take* out the thermometer 
and cool it under the tap. Ouickly 
pour the heated tacks into the cold 
water, and observe tlie temperature 
of the mixture. Notice that it is 
not HO high as when the liot water 
IS addc'd. 



Fiu. IIJ.— Method of boitini? niot.ils 
In toat-tuboM for the detcrmi nation of 
thoir capacity foi heat Kao>i teat- 
tuJie has a looho i)lug of cotton wool 
at the top. 


Oomparison of heat quanti- 
ties. — It has been seen tliat the 
(juantity of heat in water depends 
upon (i ) tlie weight of the water, 


and (ii ) its tempera tu re. It might be supposed, tlierefoie, that 


as any weight of water at a ceitain temperature contains a 
certain ipiaiitity of heat, tlie same weight of another substance 
at the same temperature contains the Sriine quantity of heat. 
This, however, is not the case. 1(X) grams of water at a tem- 
perature of 50'* C, always contain 5(XX) units of heat,^ but 100 
grams of turpentine, mercury, lead, iron, or any other substance 
at the same temperature as the water, namely 60° C., do not 
contain this number of units of heat. The quantity of heat in 
a substance thus not only depends upon tlie weight and the 


temperature, but also upon the substance itself. 

Capacity of water for heat. — Of all known substances, 
water has the greatest capacity for heat ; consequently a larger 
amount of heat is reipiired to raise the temperature of a 


1 Assuming for simplicity that water at 0° C. contains no beat* 
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given weiglit of water through a certain nurabei' of degrees 
than is needed by an etjual w’eight of any other siibstanee. 

Thus, suppose S, of water Ik* put into one flask and a 

pound of mercury into another, and that these flasks are then 
heated for five minutes by two lalioratory bui neis, which, as far 
as wo can tell, give out the same quantity of lioat. The 
temperature of the two li(|uids at the oommenceuient of the 
experiment is, say, 15° C. If at the end of tlio exptu-iincnt the 
temperature of the w^ate-r W’as !20“ (X, tliat of the mercury would 
probably be about 180° (*., and in order to raise the water to 
this temperature, if that w'ere jKjssible by this means, much 
more heat would be ie<|inred. Similarly, and foi the same 
reason, in cooling through any number of degrees of tempera- 
ture a definite weiglit of water wull give out a larger ainoimt 
of heat than an equal weight of any other substance, the tem- 
perature of which falls thiough the same number of degrees. 

Results in nature of the high capacity of water for heat.— 

Tlie results in nature of this great capacity for heat which water 
possesses aio impoitant. 

Though water takes a large amount of heat to warm it and is 
conseijuently heated by the sun’s rays only slowly, yet when it 
cools it parts with its heat just as slowly. The eftect of this on 
the climate of islands is very marked. The winter temperature 
is never very low, and the climate never very severe, because 
the water burrounding the country acts as a great storehouse, 
slowly giving up lieat to the land. Similcirly, the summer 
temperature i.s never unhearabljr hot, because the surrounding 
water takes so long to w'arn|j and, being always cooler than 
the land, keeps the teiiqjerature of the latter from getting 
very hot. 

Temperatures produced by mixing various hot and cold 
substances. — If eipial w^eights of lead and water be heated to 
the same high temperature, say 100‘*C., and the lead be plunged 
into a given w’eight of water at a low^er temperature, say 20® C., 
and the hot water be mixed with another equal weight of wrater 
at 20® C., and the resulting temperatures in the two cases be 
determined, it is found that the temperatui'e of the weiglit of 
cold water into which the hot water was poured is higher than 
that of the equal weight of cold water into which the lump of 
lead was plunged. Hence, equal weights of lead and water at 



166 


LESSONS IN SCIENCE 


the same high temperatures cannot give out the same amount 
of heat when cooled, because they contain unequal amounts. 
The water at 100" C. contains a larger quantity of heat than an 
equal weight of lead at 100" C., because its capacity for heat is 
greater. 

Or, if 1 lb. of water at the temperature of the air be mixed 
with 1 11). of iron at 100" C., the resulting temperature is not so 
high as that obtained by mixing 1 lb. of water at 100" C. with 
1 lb. of iron at the atmospheric temperature Tliis evidently 
means that 1 lb. of water at 100" (\ contains more heat than 
1 lb. of iron at 100* C., or the capacity of iron for heat is less 
than that of water. In the same way, similar experiments with 
water and mercury show that the capacity of meiciiry for heat 
is less tlian that of water. 

Comparison of capacities for heat of different metals.— 

When eipial weights of water, tacks, co])per-wire, and mei'cury 
at the same high temperature, that of boiling water, for instance, 
are each in turn stirred up with eijual weights of cold water at 
the same temperature and in separate beakeis, it is found that 
the liot water raises the temperature of the weight of cold water 
in which it is placed through a larger number of degrees than 
any of the other substances raise the temyiei.itiire of the weight 
of water into which they are placed. This is because the capacity 
for heat of water is greater than that of any of these (or any 
other) substances. 

If the temperature is observed of the mixture formed in each 
of the cases supposed, namely, tacks and water, copper-wire and 
water, and so on, and then the number of degrees through 
which each has raised the temperature of the water into which 
it was put is calculated, a series of numbers is obtained which 
enables a comparison to be made of the capacities for heat of 
each of the substances experimented with. The substances 
arranged in the order of their capacities for heat stand thus : 
(1) Iron (tacks) ; (2) Copper- wire ; (3) Mercury ; ( 4 ) Lead. 


The amount of heat required to raise the temperature of one\ 
g:ram of a substance through l" C. or the amount of heat given | 
out by one gram of a substance the temperature of which falls j 
through 1® C., in comparison with the amount of heat taken up/; 
(or given out) by an equal weight of watei*, is known as the spedilo 


y heat of the substance. 
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43 SPEOlPIOHEAT 

• 

i Specillo heat of a solid —Weigh out into a copper oaloti meter 
about 30 grams of water and observe its temperature Introduce 
into the test tube of the stegjijJ^^ater (Fig 114) about 20 grams of 
small iron tacks Boil the' water in the heater and observe the 
temperature of the tacks 




Fro 115 •'-Method of pourings substances out of the 
steam heater 


Fio 114.— Apparatus for heating substances for specific heat 
experiments A test tube B outlet for steam P cork K cai^ 
coataiuin^ water 


Take hold of the test tube or of the whole steam heater with a 
duster quickly pour the tacks into the cold water tipping the 
heater as shown in Fig 115, and observe the temperature of the 
mixture 


gms. 

C 

C 


Weight of water 
Temperature of water 

mixture 

Number ot degrees through which the tern 
perature of the water was raised 
Weight of iron tacks 
Temperature 

Number of degrees through which the tern 
perature of the tacks fell 

The heat given out by the tacka m cooling < 
the weight of water x its nse of temperature 
gms X G 

calorics 

grams of tacks in falling 0 gave out ^fones 
1 gram of tacks in falling 0 gives out oalmei 
1 gram of tacks falling 1 C gives out oalones 
This is the specific heat requir^ 

No aeoptmt nas been taken here of the heat givi^ to tii0 

It e(jm valent tP 5 oertaip extra weight cw wi0er» ' 


gms 

C 

C 

IS equal tc 
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ii. The water equivalent of a calorimeter.— Dctemiine the weight 
in grams of a copper calorimeter. Observe the tcmpciature of the 
air and consequently of the calorimeter. 

Pour into the calorimeter a convenient quantity of warm water 
at a temperature of from 35® C. to 40® C. Enough to one-third 
fill the calorimeter is a good amount. Notice with a tlicrnioineter, 
which you should carefully use as a stiirer, that, on pouring the 
waim water into the cold calotimetcr, its temperature falls. When 
its temperature becomes stationary, which it will soon do, record 
the temperatuie again. DetciTiniiie the weight of the calorimeter 
and water. Subtract the weight of the calorimeter, and so obtain 
the weight of water used. 


Weight of calorimeter, - - - - . gms. 

Tcmpciature of calorimeter, - - - - . ®C. 

Weight of water, gms 

Temperature of water, ® C. 

Resulting temperature, . ° C. 


Tlic' excliaiigc of heat which takes place may bo considered 
as follows • 

Weight of hot water x fall of temperature 

X 

... calories. 

This gives the numlxT of heat units used in increasing the 
temperature of the caloiinioter by an obsc'rvcd numbi^r of degrees. 
Find from the rc'sult the number of calorics requir(*d to raise the 
tcmperatiue of the calonmetc*r through 1®0., that is, the water 
equivalent or water value of tlie calorimc'ter. 

iii DeterminatioiL of the specific heat of sqlifis.— Retcrniiiie the 
weight of the copper calorimeter, the water equivalent of which you 
have already found. Pour in enough water to one-third fill it. 
Again weigh. Put a thorniomcto into the watei and leave it to 
take the temperature of the water. When the temperature is 
"st{]dK?^^^'*y> it?e<jrd it Weigh out about 50 grams of short pieces of 
copper wire. Heat the copper in the stea ni- hea ter ptovided, and 
recoid the tenipeiature of the copper with a second thermometer. 
Quickly introduce the liot copper into the cold water, stir, note the 
rise m temperatun* cif the w^atc'i, and, w^hen constant, record. 

Set down your olwcrvatmns thus : 

Weight of calorimeter and water, 

„ ,, alone. 

Therefore weight of water in calorimeter. 

Water value of calorimeter. 

Total water. 

Temperature of mixture, - 

,, ,, wrator, • . » 

^ Therefore rise of JbeiQpci:g^ti^e, - 


'• gms 

I 

^ “ »> 





— ^ >» 
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Quantity of heat gained, - - - - . calones. 

Weight of copper, "^.s.-gma. 

Temperature of copper before mixing, - “C. 

„ „ mixture, ... - „ 

r Therefore tall of -teniperaturc, - - - JijLm ’* 

. grams of copper in falling . . » . degreea gave out calorics 

gained by cold watei and caloiimeter ; 
therefore 

1 gram of copper in falling degrees would give out 

caloiiea; 

1 gram of copper in falling TO. would give out/./^ calories. 

The lesiilt thus obtained is the specific heat of copper. 

iv. Specific heats of liquids.— («) Weigh a calorimeter. Half fill 
it with turpentine, and find the weight of the turpentine. Observe 
the tcmpeiatuie of the turpentine. Observe also the temperature of 
some boiling water. Pour iKjiling water into the turpentine ; keep 
the two iKiuids well atirrc'd, and observe the temperature of the 
mixture. Find the weight of the w’ater added. From thesq 
observations calculate the specific heat of turpentine. 

{(>) Determine in the same way the specific heat of mercury. 

Examples of tlie determiaatfton of specific heats.— To 

obtain the specific heat of a substance, a convenient quantity of 
the substance is usually heated to a definite temperature and 
then allowed to give up its lieat to a known weight of water. 
If losses through ra^tion and other causes are avoided as 
much as possible, the lieat lost by the substance in cooling 
may be taken as ecpial to that gained by the water in having 
its temperature raised. The weight and rise of temperature 
of the water having been observed, this gam of heat can be 
calculated by multiplying the weight of water by its rise 
of temperature. The heat lost by each gram of the substance, 
the specific heat of which is being determined, in cooling TC., 
can then be calculated, and the result is the specific heat 
required. The following actual experiment will show the 
calculation necessary. 

A weighed bunch of brgpze coins were heated in a steam 
heater (Fig. 114) until they acquired a constant temperature 
near 100” C. They were then quickly dropped into a known 
weight of water, the temperature of which had been deter- 
mined. After stirring thoroughly, the highest temperature 
attained by the mixture was observed. 
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The following are the observations recorded : 

Weight of water and caloi^jjieter, - - 105 ‘15 gms. 

Weight of calorimeter, - - - - 38 87 ,, 


Weight ot water, - - - 06 ‘28 


Temperature of water, 

,, Avarmed water, 

Tlierefore rise of temperature, - 


- 16*7“ C. 
. 23 ‘5" C 

. 6 8 ° C 


Quantity of heat gamed by the water. 
Weight of bronze coins, - 
I'emperature of bronze liefore mixing, 
,, warmed water. 


66*28 X 0 8 calories. 
67*27 gnis 
OO-S** C 
23 5° C 


Thcreiore fall of temperature of coins, - 76*3" C 


Thus 67*27 grams of bronze in cooling 76*3" C gave out 66*28 x 6*8 
dories, whicli were gained by the water. 

Hence 1 gram of bronze cooling 76*3" C. gave out 


66 28 x 6 8. 


67 27 


calories. 


Therefore 1 gram of bronze cooling 1° C. gave out 

^ calorie =0*087 calorie. 

67 -27 X 76 3 

This by definition is its specific heat. 

Specific heat of bronze =0 087. 


Water equivalent of a calorimeter. —In this calculation 
no account has been taken of the beat spent in wanning the 
calorimeter. Its presence is equivalent to an extra quantity 
of water. The amount of water the calorimeter is equivalent to 
is called its water value. The following is an actual experiment 
made to determine this. 

A calorimeter was taken, weighed, and placed in cotton wool 
in a large beaker. It was then partly filled with a weighed 
quantity of cold water. Into this was poured a quantity of 
warm water, and the whole stirred until a constant tempera- 
ture was reached, which was observed. 

Temperature of cold water, - - - 14*6® C. 

,, warm ,, . - . 63*0® C. 

„ mixture, - - - - 34*7" O. 
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Therefore fall of temperature of warm water, 

And rise of temperature of ealorimetei 

and cold wtiter, 

Weight ot calorimeter, - - . - 

9 ) ,, and cold water, - 

n and mixture, 

Therefore weight of cold water alone, 

And ,, warm water alom', - 

Therefore the heat given out by the warm 

water, 39*43 x 28 3 calories. 

This would laise tlie temiierature of 39*43 x 28*3 grams of water 
through 1” C. 

Therefore this would raise ^ *^ = 55*5 grams of water 

through 20*rC. 20*1 

It actually raised 51 *46 grams oi water thrfiugh this temperature. 
The calorimeter was therefore equivalent to 

55*5 - 51*46 =4*04 grams of water. 

Therefore water value of the calorimeter = 4 *04 grams. 

This result can now be applied to imiirove the calculation of 
specific heat in the first experiment. 

Weight of calorimeter and watci, - 
,, ,, alone, - 

Weight of water in calorimeter, 

Water value of ealorimetei, 

Total water, . - - . 

Temperature of waimed water, 

„ water, ... - 

Therefore rise of temperature, - 

Quantity of heat gamed, - - - - 

Weight of bronze coins, - - - - 

Temperature ot bronze liefore mixing, 

,, ,, in water, 

Therefore fall of temperatui*e, - 

67*27 grams of bronze in falling 76*3 degrees gave out 70*32 x 6*8 
calories. 

Therefore 1 gram of bronze in falling 76*3 degrees would give out 
67-27 

And 1 gram of bronze in falling V C. would give out 

% calorie=O-O03 calorie. 

67-27 X 76-3 

The result thus obtained is the specific heat of bronze. 


105 15 gms. 
_38_;87 „ 

66*28 „ 

70 32 „ 

23 *5" O. 

16*7" C. 

~~6S"C. 

70 32 X 6 8 calories. 
67*27 gms. 
t>9*8" C. 

^3*5° C. 

76 *3" C. 


28*3" C. 

20*1" C. 
38*87 gms. 
90*33 „ 
129*76 „ 
51 46 „ 
39*43 „ 
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44. LATENX-HEAT. 

L Heat required to melt ice.— (a) Let a few lumps of ice stand in 
a beaker until some of them have melted. Notice that the tempera- 
ture IS 0° O. Counterpoise two empty beakers ot the same si7.e in 
the pans of a balance, and put a small lump of the ice into one, and 
the same weight of water from the melted ice in the other. You 
have thus equal weights ot ice and water at 0° C. Pour equal weights 
of hot water into the two beakers. When the ice is melted, observe 
the temperature of the water m each beaker. The teniperatiiie of 
the water in the beaker m which the icc was placed will be found 
mu(jh lower than that of the water in the other beaker, owing to the 
ice using up a large quantity of the heat in melting into water. 

(6) Take oiiual weights of hot water in two large beakers of the 
same size. Place a piece ot ice in one of the beakers, and observe 
the temperature of the water wh(‘n it has melted. Pf>ur ice-cold 
water into the other beaker until the same temperature is reached. 
Find the weights of ice and ice-cold water which have been added. 
It will ho found that a small weight of ice has as much cixilmg 
etFeot as a large weight of lee-cold watc'r. 

il. Heat required to melt one gram of ice.— Weigh about 300 gms. 
of warm water into a beaker, and observe its temperature. Put a 
few small pieces of ice into the water, stir them round with the 
thermometer, and, as soon as they have melted, again observe the 
temperature of the water. Now make another weighing, and find 
out by subtraction the weight of the ice added. From these results 
calculate in the way shown on p. 173 the number of heat units 
required to melt one gram of ice. 

Latent heat. — The experiments which have just been 
described are of the greatest importance, and should be 
understood clearly. It is certain that when a mivture of 
ice and water is heated over a lab oratory bu rner, heat is 
being continually given to the mixture. Yet the tempera- 
ture as recorded by the thermometer gets no higher. The 
question arises, what becomes of this heat, as it has no effect 
upon the temperature of the mixture? The ice is gradually 
melted, and if the heating is continued long enough it is all 
slianged into water. As soon as this has happened, every 
further addition of heat raises the temperature of the water, 
riiese considerations lead to the conclusion that the heat pre- 
viously given to the mixture is all used up in bringing about 
the change of ice into water. Further, it is found that not only 
in the case of ice, but when any solid is turned into a liquid, 
Aere is no increase in temperature, even while heat is being 
idded, until the whole of the solid has been changed to a liquid. 
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This amount of heat which is necessary to cliange a solid into 
a liquid is spoker, of as latent heat The woi d latent comes from 
a Latin word, meaning “ lying hidden,” and refers to the fact 
that the heat used up in changing a solid to the liquid condition 
has no effect upon a thei motneter, but appears to be hidden 
away in the litiuid 

How the latent heat of water is measured. —To find out 
how many units of heat are required to melt a gram of ice, 
wo mix togetlier known weights of warm water and ice, the 
temperature of both being known, and then lecord the tempera- 
ture of the mixture at the instant the last piece of ice dis- 
appears. Tlio facts which in this way become known are as 
follows : 

i. Weight of warm water in grams. 

ii. Weight of ice in grams. 

lii. Temperature of warm water. 

iv. Temperature of the ice 

V. Temperature of the mixture at the instant the ice finally 
disappears. 

vi. Number of degiees through which the teniperatuie of the 
water falls. 

The observations can be used to determine what number of 
heat units have been lost by the water, and what number have 
been gained by the ice and by the water into which the ice is 
changed as it melts. 

The loss of heat is at once calculated by knowing that the 
temperature of a ceitaiii number of grams of water has fallen 
through a given number of degrees, and if these numbers are 
multiplied together the i*esult shows the number of units of 
heat lost by tlie warm water. 

The gain of heat consists of two parts ; first, the number of 
units of heat necessary to melt a known number of grams of 
ice, and this number we do not know. Secondly, the number 
of units of heat required to raise the temperature of the water 
at 0® C. (formed by melting a known number of grams of ice) 
up to the temperature of the mixture. This number of units of 
heat can be found by multiplication. 

We also know that the total loss of heat and the total gain of 
heat are equal. Conseijuently, it should be plain that the 
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difference between the two known results thus obtained tells 
the number of units of heat used up in nieltin^r the ice. 

Latent heat of water.— The number of units of heat which 
are required to change the state of a gram of ice, converting it 
from the solid to the liquid condition, without raising its 
temperature, is called the latent heat of water, or the latent 
heat of of ice. To melt one gram of ice requires 80 heat- 
units. That is to say, as much heat as would raise the tem- 
perature of a gram of water through 80® C., or would raise the 
temperature of 80 grams of water through 1® C., is used up in 
changing a gram of ice into a gram of water at the same 
temperature. Similarly, to melt 1 lb. of ice requires as many 
heat-units as are necessary to raise the temperature of 1 lb. 
of water from 0“ C. to 80® C , or as much heat as is wanted to 
raise the temperature of 80 lbs. of water through one degree 
Centigrade. 

^ Natuxal conseanences of the latent heat of water.— Just 
as it is necessary before a pound of ice can be changed into a 
pound of water to supply an amount of heat which would raise 
the temperature of a pound of water through 80® C., so before 
a pound of water can be changed into a pound of ice, we must 
take from it precisely the same amount of heat. This is why it 
requires several cold nights to cover a pond with ice, for not 
until every pound of water at the surface has had this large 
amount of heat taken from it can it change into ice. For just 
the same reason, it takes a very long time to melt completely 
the snow in the roads and the ice on the ponds, even after a 
thaw has set in. 


' 45. HEAT ABSOBBED IN THE CONVEBSION OF 

WATER INTO STEAM. 

^ Latent heat of stesjn. — Arrange a flask with the connections shown 
'in Fig. 116. The iSort length of wider glass tube is a trap to catch 
con densed a team. Put some water into the flask and boil it. 
Whife the water is getting hot, weigh out about 300 grains of water 
in a beaker or a thin metal vessel, and observe its temperature. 
After steam has been issuing from the glass tube for a few minutes, 
place the vessel so that the end of the tube is well under the 
water, and let it stay there until the thermometer reoords a 
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temperature of about 40 0 Then weigh the water again to find 
the weight of steam condensed Enter the observations as 
follows ^ 


Weight of water gms 

W eight of water + weight 

of condensed steam gms. 

Weight of condensed 

steam gms 


Temperature of water 

at beginning 0 

Temperature of water 

at end Cf. 

Rise of temperature 0 



Fio 116 — Apparatus for determining the heat given up when steam 
condenses into water 


As before the changes of temperature can be arranged under two 
heads 


Gain 


Loss 


The temperature of gms 
of water was raised through 
CL The quantity of heat 
tfsed equals weight of water x 
rbeif of temperature 

s heat units 


gms of steam were con 
densed to water at 100 0 
The temperature of gms. 
of water at 100 C fell to 
that IS, through 0 , and tiie 
quantity of heat thus given up 
equals weight of oond ^ns^ jt^ m 
(water) x fall of tempelec^iire. 
s h<SMliii4p^tiS 


Ptnd <Ji6 number ol unita given out by 1 gram of steam at 
bk yl<||Sdeii8ing to water at lOO" 0 
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Latent- heat of steam. — It is familiar now from many 
experiments that heat is required to convert. water into steam. 
After what has been learnt about the latent heat of water, you 
will have no difficulty in understanding the reason for this. 
All the heat is absorbed, or used up, m bringing about the 
change from the liquid state to that of vapour It I’ecpiircs a 
great many more heat-units to convert one gram of water at a 
temperature of 100** C. into steam at the same temperature, 
than it does to change a gram of ice at 0“ C. into a gram of water 
at 0® C. Whereiia to bring about the latter change requires an 
expenditure of 80 heat-units, to convert a gram of water at 
100° C. into a gram of steam without changing its temperature 
requires no fewer than 536 lieat-iinits. Thus the latent heat 
of steam, or as it is sometimes called, the latent heat of 
vaporisation of water, is 536. Expressed in another way, we 
may say that it requires as much heat as would raise the 
temperature of 536 lbs. of water through 1° C. simply to bring 
about the change of one pound of water at 100° C. into one 
pound of steam at the same temperature. It must also be 
remembered that a liquid is never changed into a vapour 
without some absorption of heat. This is true whether the 
change takes place quietly in evaporation or rapidly as in 


boiling. 

Spedfle heats. 


Brass, - - - - 

00939 

licad, • - 

- 0*0315 

Gas coal, 

0*3145 

Marble, ’ ’ - 

- 0*2158 

Copper, 

0*0933 

Parafliii, 

- 0*022 

Glass, crown, 

0*161 

Steel, - 

- 0*118 

Geld, flint, - 

0*117 1 

Sulphur, ' ^ - 

- - 0*234 

Iron, . - - - 

0*1124 1 

Zino, ' 

- - 0*0935 


r 

k 

Melting points and latent heats of ftiMpn. > 


Mrltino Point. Latent IIfat. 


Ice, - 
Beeswax, 


0°C. 

62 


79*2 

42*3 
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BoilinfiT points and latent heats of vapoxlBation. 



ISoii.mo Point. 

Latent Heat 

Steam, 

100 “ c. 

5.36 

j' Alcohol, - . . . . 

.Turpentine, - . - . 

78 

205 

159 

74 

.. Sulphuric acid, 

^Hydrochloric acid, - - - 

838 

— 

no 



Nitric acid, - - • - 

86 



Glycerin, ----- 

290 

— 


CHIEF POINTS OF CHAPTER XL 

Temperature mav be definecl aR a condition, or state, of a body 
■which la changed by the gam or loaa of heat. It cori*esponds to 
watci -level, ana may be regal dc<l as heat-level. 

The unit quantity of heat is the amount of heat neceaaary to raise 
the temperature ot one gram ot water through one degree Centi- 
grade. This unit IS called a therm^ or o,. calorie. 

The number of heat-units taken up or given out by a quantity of 
water being heati'd or cooled is equal to tlie weight of water in 
grams X number of degrees Centigrade thiougli which its temper- 
ature rises or falls. 

The capacity for heat of a substance is analogous to the capacity 
of a vessel for fluids. Water has a great*»r capacity for heat than 
any other substance. Its high capacity for heat has a beneficial 
influence on the climate of islands. 

In determining tho number of heat-units lost or gained hy a 
substance, its capacity for heat must Ihj taken into account as well 
as its weight and its temperature. In fact : 

Number of hcat-units— weight of substance x its rise or fall of 
temperature x its capacity for heat. 

The specific heat of a substance may be defined as the amount of 
heat required to raise the temperature of one gram of the sulistanco 
through 1°C. Or, the amount of heat given out by one gram of a 
subst^cc, tho temperature of which falls through 1®C., in com- 
parison with tho amount of heat mven out by an equal weight of 
water, tho temperature of which fsdls through 1° 0. 

Latent heat. — The heat used up in changing a solid into a liquid, 
or a liquid into a gas, without change of temperature, is known as 
latent heat. 

Latent heat of water. — The number of heat-units required to con- 
vert one gram of ice at 0° 0. into water at the same temperature is 
known as the latent heat of loater. Its numerical value is 80. 

Ij.S. I« 
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Latent heat of steam.— The number of heat-units required to 
change one gram of water at 100°C. into steam at the same tem- 
pcT'atuio is known as the Metut heat of steam. J,ts numerical value 

IS 


EXERCISES ON CHAPTER XI 

1. One hundn'd grams of Ixiiliiig water are poiu’ed upon one 
hundred givims of ico. What results may bo observed? 

2. Four ounG(\s of liot lead filings and four ounces of water at the 
same temperature are ])()ured upon sepaiute slabs of kjc. Will the 
Itnid or the water melt more ice? (live n*asons for your answer. 

3. An ounce of wat(ir at O'' C. is mixed with ten ounces of water at 
70° C. What is tlie tc'mperatiire ot the mixturt^ ? 

An ounce of ice is dissolved in ten ounces of water at 70° C., and 
the temperatuie of the mixture is found to be something over 5()"C. 
What can be leanit from tins experiment ? 

4. Suppose that it roquiies 80 times as much lieat to molt one 
ton of ice as would lie recinircd to warm one ton of water one degree 
of tempiTaturo on the centigrade scale, how much of the ton of ice 
would be melted by pouring into a cavity in its suiface a gallon of 
boiling water? (A gallon of water weighs 10 Ihs.) 

5. How would you projiose to prove by expen men ts that to boil 
away a gallon of water rc(|iiire.s alniut 5.\ times as mucli heat as is 
needed to raise it from the freezing to the hoihiig jioiiit? 

6. A silver tea-pot weighs 300 grams. One gram ot silver 
requires as much luvit to warm it as w^ould be required by 0*056 
gram of water to warm it txjually. The tea-pot contains 20 grams 
of tea-leaves, and each gram of tea-leaves requires as much heat 
to warm it as would .sullico to warm cniiially 0*5 gram of water. 
If 600 grams of boiling Avater Ik) poured into the tea-pot, calculate 
the highest temperature of the tea, assuming that tea-pot and 
tea-leaves were originally at a temperature of 15° C. 

7. By what experiments would you show that different amounts 
of heat are absorbed wbi'ii (»qual masses of different substances are 
heated through the same range of temperature ? 

8. By what experiments could you show (a) that copper conducts 
heat better than iron ; (h) that iron gives out more neat than an 
equal mass of copper would do in cooling through the same given 
range of temperature ? 
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i Relative conductivities of metals — Obtain wires or stgpl of 
copper iron brass German silver and of any other metals avail 
able Let the diameters be the same as nearly as possible and 
the len^hs aboutlS or 20 cm 
Place the wires upon a clay tile 
or other suitable support as 
shown in Fi^ 117 Support the 
tile m a honzontal^-position and 
heat the wires with a flame 
where they meet After a few 
minutes slowly move a safety 
match along each wire in sue 
ces ion commencing at the ends 
away from the flame and notice 
the points at which the matches 
will light Repeat the expen 
ment several tunes then take 
away the flame and measure the 
distance of these points from 
the heated ends Find the 
average distance for each wire 
Make a list of these dis 
tanoes in order of magnitude 
putting beside each measure 
ment the substance to which 
it refers Kote what this order 
ttiggests as to the relative conductivities of the substances 
it Iioweriug of temperature hy conduction. — (a) Make a short 
of stout copper wire i inoh internal diameter Pass it over ffie 
wiok of a candle without touching the wick The candle is extm 
guisheA the flame simply muffled out^uonvmce yourself as to 
what ro^y happens 

Tmm on but do not light, a gas jet Hold over it a mm 
light the gas above the gauze Notice that the flame 
ttrike through (Fig 118) Why? Vary the expmwe«t 
179 



Fio 117 —Experiment to illustrate 
the conduction of different metal 
wires 
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by lowering a piece of cold wire gauze upon an ordinary Bunsen 
flame. What happens ? (Fig. 119). 



Flo. 118.— To illustrate Expt. 39 ii. (6). Fio. 119. -To illustrate Expt. 39 ii. (6). 

by lowering a piece of cold wire gauze upon an ordinary Bunsen 
flame. What happens? (Fig. 119.) 

(c) Wrap a piece of paper smoothly round a brass tube and hold 
in the flame of a gas burner. The paper is not scorched. Wrap 
the paper around a wooden rod of the same size, and heat as before ; 



Fig. 120. — Experiment to illustrate Fio. 121. — Illustration of the fact 

the different conductivities of wood that water is a bad conductor of 

and metal for heat. heat. 


the paper is scorched (Fig. 120). Brass is a good conductor, wood 
but a poor one. How does this explain wliat you have noticed ? ’’ ! 

iii. Water is a bad coiiduetor of heat.— Fill a test-tube thre’e-^ 
quarters full with cold water, and having weighted a small piece of 
ice by winding wire round it, or in some other way, drop it into the 
test-tul)e. Hold the test-tube near the bottom w’]u'T(‘ tbe piece of 
ice is, and warm the top of the water in a Bunsen flame, as shown in 
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Pig. 121. The water at the top can be heated until it hoila 
vigoToualy and yet the ico la not melted. Why has the ice received 
insuthcient heat to melt it ? 

iv. Ciases are load conductors of heat. — (a) Examine the shadow of 
a red-hot poker Notice that the heating of the air as exhibited by 
its ilickeiing extends but a little w'ay downwards, thus showing that 
air 13 a bad conductor of heat. 

(h) Place a little lijm^ m the palm of the hand and bring the point 
of a hot poker upon it The air enclosed in the lime does not con- 
duct the heat ot the poker, so the hand is not burnt. 

Conduction of heat. — Heat may ]ias8 from one particle of a 
body to tlie next, travelling from tbe hotter to the colder parts, 
and causing no visible motion of the particles of the body. 
Tins mode of tiaiisference is called conduction, and is the pro- 
cess by which solids are heated. By touching a succession of 
things in a room, say the irn^ble mantel-piece, the fender, the 
back of a chair, the hearth-rug, we obtain a succession of sensa- 
tions ; the first two we say are cold, the chiiir-back not quite so 
cold, while the rug feels quite warm, and yet they are one and 
all under the same conditions and there is no reason why they 
should not be at the same temperature. The explanation of these 
different sensations is really simple. In all tho.se cases where 
tbe band receives heat we feel the sensation of warmth, while in 
those where the hand gives out heat we say the thing is cold or 
cool Now it can be seen why the fender feels colder than the 
hearth-T ug. The fender takes more heat from the hand than 
the hearth-rug, and it does so because it is a better conductor 
of heat. 

It is worth while to consider this expression a little. Put one 
end of a short metal rod in a fire and hold the other. Soon the 
rod begins to feel warm, and as time goes on it gets warmer 
and warmer, until at last it can be held no longer. Heat has 
passed from the fire along the rod, or has been conducted from 
the fire by the I'od. 

The process hy which heat passes from one particle of a hody to 
the next is called conduction, and the hody along which it passes is 
Icnown as a conductor. 

good and bad CoMuctors. — ^Tliose substances which easily 
transmit heat in this way are called good conductors, while those 
which offer a considerable amount of resistanpe to the passage 
of heat are called had oonjiactors. r ^ 
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^ li^e^ls are, as a rule, good conductors of heat, but some metals 
conduct heat better than others 
Most liquids are bad conductors of heat, thbugh qui^silvfer, 
being a metal, is an exception If liquids were heated only by 
'conduction, water would boil throughout just as quickly when 
the source of heat was placed in contact with the top layei of 
liquid as it does when the heating takes place from below 
Gases are even worse conductors of heat than liquids In 
'reckoning the co^djictjyities of solids the proportion of heat 
carried by the air may be neglected It is very small 
Everyday uses of bad conductors —To keep ice m the warm 
days of summer the custom is to wrap it up in fSdJunel and put 
it into a ref£igfirator The flannel, because of its loose texture, 
encloses a quantity of air, which, being a bad conductor of heat, 
prevents the passage of heat from the warm outside air to the 
. cold ice inside Similarly, ice which 

P I has to be conveyed by rail qr boat'is 

1 I packed in s,a 2 £dttst o 

I The refrigerator itself, too, depends 

I upon much the same facts The 

w common form consists of a double 

y V. walled box with a space between the 

walls This is either left “empty,” 
as it IS called when it is full of air 
or, it IS filled with some other bad 
conductor such as the mineral sub 
stance asbestos 

i Xf we wish to lift a hot plate we 

hold it with a folded cloth which does 
not readily conduct heat Cylinders 
X TB(r of engines are sometimes encased in 

^ / / . A a packing of some badly conducting 

material in order to prevent loss of 

H 47 CONVECTION 

m-<3<mveot4<wi currents ^ Ckmvectloa in a liquid.— Heat over 
in vrater a small flame a round bottomed flask Ml 

of water, as m Fig 122. Throw frito 
^ V^ter some solid odounng matter, hk^ ooehineal, aniline 
efce NoUee how the hot, coloured water ascenda ^ 
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11 Conyeotion eorrents In gaaei. — (a) Place a short piece of candid 
In a saucer light it put a lamp glass over it and pour sulB^cient 
water into the sauSer to cover the wttom of the lamp glass (Pig 123) 
Watch how the light of the candle is affected. NeiS out a strip of 
card less than half the height of 
the lamp glass and nearly as wide 
as the internal diametei of the top 
Insert the card into the lamp glass 
so as to divide the upper part into 
halves Now light the candle 
again and see whether it will burn 
with the divided chimney over it 
Test the direction of the currents 
of air at the top of the chimney 
by holding a smoking taper or 
match over it 

Process by which liquids are 
heated —The process by which 
water and other liquids are 
heated may be studied easily 
by heating water into which 
some #)lid colouiing nutter, like 
cochineal aniline dye litmus, etc 
has been thrown, in a round 
bottomed flask over a small 
flame as in Fig 122 The water neaiest the flame gets heat^ 
and consequently expands and gets lighter It therefore rises, 
and causes a warm ascending current of coloured water But 
something must take the place of this water which rises, and the 
cold water at the top, being heavier than the warm water, sinks 
to the bottom and occupies the space of the water which has 
^ risen This water in its turn gets heated and rises, and more 
cold water from the surface sinks Upward currents of heated 
water and downward currents of cool water are thus formed, 
until by and by the whole of the water is heated* These 
currents are known as ooxiyeotio& currents, and the process of 
heating m this manner is called convection. Eventually the 
whole of the water gets so hot that the bubbles of vapour 
which are formed near the source of heat are not oondeneed 
again m tbeir upward passage through the liquid^ and eoimng 
to @10 surface they escape as steam 

Oases are similarly heated by the process of eonyee^on, 
be thus defined St tbe jamm tf utecH 
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(liquids and gases) become beated by the actual movement of their 
particles due to difference of density. , 

Ventilation, — The ventilation of ordinary dwelling rooms is 
easily possible because of the way in winch gases become heated 
by convection. The air in a room becomes warmed and is 
rendered impure at the same time. Consequently there is a 
tendency for the impure air to rise, and if a suitable place near 
the ceiling is made for it to get out, as well as a place near the 
floor for the colder, purer air from outside to enter, a con- 
tinuous circulation of air is set up which will keep the atmo- 
sphere of the room pure and sweet. 

To show convection currents in air, place a short piece of 
candle in a saucer, light it, put a lamp glass over it, and pour 
E^fficient water into the saucer to cover the bottom of the 
lamp glass (Fig. 123). In this case the light of the candle is 
affected and eventually goes out But if a strip of card is 
cut less than half the height of the lamp glass, and nearly 
as wide as the internal diameter of the top, and is inserted 
into the lamp glass, so as to divide the upper part into halves, 
and the candle is again lit, it will be seen to continue to burn 
with the divided chimney over it. The simple change has 
secured a well directed current of air which feeds the flame. 
The direction of the current through the top of tlie chimney can 
be shown by holding a smoking taper or smouldering brown 
paper over it. 


^ 48. EADIATION. 


L Heat transmitted by radiation. — (a) Place the differential thermo- 
meter (Fig. 90) about a foot away from the flame of a laboratory 
burner so that both its arms and the flame are m one straight line. 
Notice that the bulb of the thermometer nearer to the name is 
hotter than the one more remote. How does the heat of the flame 
travel to the thermometer ? 

(6) Arrange the bulbs of the thermometer a foot above the flame 
and observe that the nearer bulb is warmed much more than before. 
The bulb in this case is heated by convection as well as radiation. 

(c) When you have an opportunity, focus the rays of the sun 
upon the back of your hand by means of a reading glass. This can 
be done by placing the reading glass between the sun and the hand 
and moving the glass until the brightest image of the sun is obtained. 
Notice that the heat is very intense and bums you. Notice that 
the glass itself is not heated to the same extent. 
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IL Effect of surface upon radiation and absorption.— (a) Obtain two 
small bright tin cans or canistei‘8, and fit into each a cork having a 
hole through which* a thermometer will pass. Cover the outside of 
one of the vessels with lamp-black by holding it over a candle or 
luminous gas flame, or over burning camphoi. Put the same 
quantity of hot water at the same temperature in each, and then 
cork up the vessels, each cork liaving a thernu)meter through it so 
that tlie bulb is well immersed in the water Observe the icmpei*a- 
ture of each vessel of water, and if the temperature of one is higlier 
than that of the other, cool the vessel until tlie temperatures are 
equal. Then put the vessels in a cool place wliere there are no 
draughts, and after 20-30 minutes again lead the temperatures. 

The blackened vessel will be found to have lost or radiated more 
heat than the bright one. 

(f/) Similarly pour equal amounts of cold water of the same tempera- 
ture into a blackened and a bi ight vessel, and hang them tor 20-30 
minutes before an even fire <>i closed stove, oi at the same distance 
above an iron plate, supportt‘d on a tripod stand and heated by a 
lalxiratory burner so that they may lie in a position to leceive heat 
equally. At the end of this time obscive their temperatures. The 
blackened vess('l will be found at a higher temperature than the 
bright one. Whicli vessel almorhed more heat ? Compare with the 
vessel which radutted more in tlie last expeiiment. 

Radiation of heat. —The fact that you feel warm in a 
summer sun, or that bread can be “toasted” by holding it 
near the fire, is sufficient to convince you that heat can travel 
from one place to anotlier in a thii’d way which is neither con- 
duction nor convection. The respects in which radiation differs 
from tlie other ways in w’hich heat moves from one place to 
another are : 

(1) it travels in straight lines, and 

(2) it does not warm the medium through which it travels. 

Although you may not have thought of the fact that radia- 
tion travels in straight lines, you have made use of it when you 
have screened your face from the heat of the sun or of a fire. 
When you wish to protect yourself from the glare of the 
summer sun you seek a shady space because then some object, 
it may be a tree or a house, is m the straight line between you 
and the sun. 

Curtains have sometimes been burnt by the sun’s rays being 
concentrated upon them by a bottle of water, though the water 
is not warmed much by the passage through it of the radiations 
from the sun. Evidently, then, the water in such a case does 
not pass on its heat aHer firsts becoming warm itself. It 
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does not act as a conductor. Yet something must pass 
through it which can make bodies hot. This something is 
called radiation. Its nature is simply a wave motion in 
the medium through winch the rays })ass. This medium is 
known as “ether,” but it is in no way connected with the 
iicpud ether used for scientific purposes. 'I'he ether is little 
more than a name, foi-, though something must exist to 
transmit waves of light and heat, nothing is certain as to 
its constitution. 

! ^ 49. DEW. 

i. Condensation of moisture. — (a) Breathe on various cold objects 
such as a mirror or polislujd metal. Note what happens. 

{b) Bring a glass of cold water into a warm class-room. Observe 
the dull film of moisture d(‘positcd on the glass. 

(c) Docs dewfoini on one species of plant more than another, or 
on any one part of a leaf in particular ? 

(cl) Choose a clear, still evening, and arrange stones, pieces of 
slate, and sheets of paper on grass ; examine them the next morning 
as soon after sunrise as possible. Which surface, the under or the 
upper, is more bedewed ? 

(e) Invert a few tumblers, earthenware jars, etc., some on grass 
and some on soil, both on clear nights and on cloudy nights. As in 
the last exercise, examine them as soon after sunrise as xiossible. Is 
there a deposit of dew inside the jars, etc. ? 

(/) Repeat the last exercise, hut place the jars, etc., on metal 
plates, slates, or tiles. Examine the inside and outside of the jars, 
etc., as before, and record the lesults. 

Dew. — Dew differs from the forms of condensed moisture seen 
in mists, clouds, rain, and snow, in being formed upon the 
surface of the earth. After sunset, the surface of the earth, 
which has been receiving heat throughout the day, begins to 
radiate this heat in the manner already described. Different 
parts of the earth possess differing powers of radiation. Those 
which during the day absorb heat to the greatest extent 
radiate it most abundantly after the sun has disappeared, and 
consequently become cooled before those the radiating power 
of which is small. Similarly, the air in contact with these 
bodies also becomes cooled and is then unable to hold as much 
water vapour as before and the surplus is deposited in the 
form of dew. 

For an abundant formation of dew several conditions are 
necessary. First, radiation must go on freely, and this happens 
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on bright dear evenings when there are no clouds to obstruct 
the radiation. The air which is being cooled by contact with 
the body from wliich free radiation is taking place must not be 
disturbed before the dew-point is reached, or no dew will be 
thrown down, that is, the evening must he still. A breeze will 
constantly renew the air above the body which is being cooled 
by radiation and will prevent the dew-point being reached. 
Good radiating surfaces are those of leaves — whether of grass 
or other plants — also stones. 

Side by side with this simple condition of things another 
process is going on which considerably augments the amount 
of dew formed. Throughout their life, ])lants continually 
give off water in the form of vapour, which is exhaled 
through the numeious apertures spread over their leaves, 
especially the under surfaces. This pi'ocess, which is known as 
transpiration^ supplies a very large camount of water vapour to 
the air. When the cooling referred to above has gone on for 
some time, and the dew-point has been reached, the transpired 
moisture, instead of diiTusiiig into the atmosphere in the state 
of vapour, is condensed at the stomata^ as the little apertures 
are called, as soon as it comes into contact with the cooled 
air. Thus all the dew is not obtained directly from the 
atmosphere. 

Hoar-frost — or as it is sometimes called white-rime or simply 
rime— is deposited instead of dew on those evenings when the 
radiation cools the overlying air to the temperature of freezing 
water before any deposition of moisture takes place. Hoar- 
frost is not frozen dew. It does not first assume the liipiid 
condition, but is precipitated at once in the solid form. In 
these circumstances the dew-point is at or below the freezing- 
point. 

q 50. DETERMINATION OF THE DEW-POINT. 
HYGROMETERS. 

L Mason’s hygrometer. — Take two precisely similar unmounted 
thermomisters. Simply haim one from a amiable support, such as 
the ring of a retort stand. 6)ver the bulb of the other with a square 
of muslin tied up round it to form a bag. The muslin is best tied 
just above the bulb by a piece of thread. To this piece of thread 
attach several other long pieces of thread and let them dip into 
a glass of water. When the muslin has become thoroughly damp, 
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compare the readings of the two thermometers (Eig 124) Notice 
that the temperature recorded bv the one with the ■wet muslin 
round it is lower than that shown by the other « 

The two thermometers used in this way form what is known as a 
hygrometer or a wet and dry hvlh thermometer 
U. Begnuiult 0 hygrometer — Fit up a large test tube in the manner 
shown in Fig 125 where a is a right angled glass tul^ which dips into 
some ether in the test tube fe is a second glass tube bent at nght 
angles which just passes through the india rubber stopper c is a 
deuoate thermometer dipping into the ether d is a piece of india 



Fio. 124k— The bulb of one thermometer is 
kept moist and the evaporation of this 
moisture causes this thermometeo: to show 
a lower temperature than the other 



Fig 126.— Experiment to 
illustrate the action of Reg 
naults hygrometer 


rubber tubing attached to the tube a A second thermometer is 
supported m the neighbourhood of the apparatus for recording the 
temperature of the air Blow through d This causes the ether to 
become vaporised the vapour escaping through h This vaporisation 
18 eflfeotedf at the expense of the heat in the test tube whioh 
consequentlv becomes cooled and after a time moisture is found to 
be deposited on the outside of the test tube At the instant such 
dcpositioit occurs read the thermometer e Stop blowing and read 
tbe temperature again at the instant the mfOS^ure outsit testr 
1^6 mean of these two temperatures is lihe 

f instrtraient consist ef twn 

iww tbeimemete^ attadbed be 
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in Fig. 124. Round the bulb of one of the thermometers is 
tied a piece of inualin, to which cotton threads are attached, 
these hang down into water kept in a glass, supported as 
shown in the figure. The instrument depends for its use 
upon two facts which have been brought before the student’s 
attention already. The first is that water is vapoiised only 
at the expense of a certain amount of heat ; and, secondly, the 
quantity of water vapour which air can take up at any tem- 
perature depends upon the amount already contained by it. 
Welter rises up the cotton threads by the force known as 
capillary attraction, and conseiiuently keeps the muslin moist. 

. The water on the muslin evaporates, getting the heat necessary 
for evapoi*atif)n from the bulb of the thermometer which it 
■ - surrounds. The thermometer is thereby cooled, and the column 
of jnerenry sinks. This process continues until the air round 
tlie bulb is saturated and evaporation ceases. Thus the wet- 
bulb thermometer records a lower temperature than the one 
with a dry bulb. The difference between the readings is 
greater the drier the air at the commencenieiit of the obser- 
vation, and it provides a means of estimating the amount of 
water-vapour present by seeing how much more must be 
added to saturate the air. , • „ 

The we^ and dry-bulb thermometer, as Mason’s hygrometer 
is called, is usually employed to indicate the relative amount 
of moisture in the air, but the readings may also be used to 
determine the dew-point (that is, the tem|jerature at which dew 
would be deposited from the air at the time of observation) by 
a simple calculation in connection with a set of hygroraetrical 
tables prepared for the use of practical meteorologists. When 
the dew-point has been found, the relative humidity of the air 
or the percentage of satui-ation can be determined. % ^ 

Begpault’s hygrometer. — Regnault’s hygrometer depends 
upon the same principle as that exemplified by Expt. 50 ii. 
The construction of tliis instrument is shown in Fig. 126. 
jD, D are two polighe^silver thinibles, in which are arranged two- 
test- tubes. The one on the right is half full of ^er, and 
passing down into this ether is a right-angled tube t and a delicate 
thermometer T, There is a side tube in connection with that in 
the right-hand thimble which puts this test-tube in connection 
with a hollow tube, V F, which by meaps ojf a piece of india-rubber 
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tubiiig can be placed in connection with the a spirator A Th^ 
tube in the left hand thimble is not m connection with UV^ the 
thermometer in it being used only to read the atmospheric tern 
perature The stopcock Shown is turned on, and air is drawn 



Pio 126 — Regnault s hygrometer 


through the ether by means of the aspirator, resulting in a 
deposition of moisture on the outside of the right hand thimble 
D The moment at which this deposition occurs the thermo 
meter T is read The blowing is stopped and the temperature 
is read again at the instant dyjneaa disappears The mean of 
these two temperatures gives the dew point 


CHIEF POINTS OP OHAPTBE XII 7 

JlAl / 

Sdat ia transmitted m th^ ways (1) by conduction, <2) by con 
vection (3) by radiation ’ 

Oondnotion is the process hy which heat passes from one particle 
of a body to the next 

Gases are worse conductors than liquids and liquids are usually 
W^mae eonduotors than sohds 

^lensveetloa is the process by which duids (liquids and gases) 
beo^me heated by the actual movement of the Articles of the 
due to difTercHioe of density ^ 

||e|itmg buildings by hot water and methods jqf vedt^|9l^im dne 


CHIKF POINTS OP CHAPTER XII. 


191 


Hadiation differs fiom conduction and convection in two ways (1) 
it travels in straight lines, ( 2 ) it does not warm the medium through 
which it travels. • 

If air containing water vapour is cooled sufficiently it will yield 
up its excess of moisture. Tlie tenip('ratuio at which this (iiepo- 
sitiori takes place is called the dew-point. 

When air has as much water vapour as it can hold it is said to be 
saturated with it. 

*1116 amount of water vapour actually luesont in air, compared 
with the maximum quant-ity it could take up, gives a measure of the 
Hygrometric state of the air. 


EXERCISES ON CHAPTER XII. 

1 . What IS meant by (joiivection ? 

Illustrate your answ’tu* by sketches, trikiiig this case of a vessel 
filled with water and heated from below and explain why it is that 
convection is set up. 

2 . Why 18 a vessel of water heated moie (juickly if heat is apphed 
at the bottom than if it is heated at the toj) ? 

Draw a diagram to illustrate the movements of a liquid heated 
from below. 

3 . Point out the difference between the conduction and convection 

of heat. Dcaonbo an expciiment showing that water is a bad con- 
du9tur of heat. . ^ 

4 . Water sometimes spurts fiom tlie spout of a kettle standing 
upon a fire. How do 3^011 account for nits, and how would you 
prevent it without taking the kettle oif the fire. 

5 . On a cold morning a gardt*ner grasps the iron part of his spade 
with one hand and tlie wooden part with the other. Explain why 
one hand feels colder th.in the other. 

6. If a spoon made of solid silver and one made of brass and only 
silver plated are placed m bowls 111 sonic lioilmg water, the handle 
of the silver spoon becomes much liotttT than that of the plated one. 
Why is this ? 

Describe an experiment by which you would show that your 
explanation is correct. 

7 . How is the rc»ading of a thermometer altered by wrapping a 
wet rag round the bulb ’ What will happen if the rag is wetted 
with ( 1 ) ether, ( 2 ) oil instead of water ? How do you explain the 
various results ? 

8 . Two test-tubes A and B are filled with water. A small piece 
of ice is allowed to swim in A, and a similar piece of ice is sunk by 
a weight to the bottom of B, Heat is applied to the closed end of A 
and to the open end of B. In which test-tube may we expect the 
ice first to melt ? and in which may we expect the water first to 
boil ? Give reasons for your answer. 
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9. On some days a steam-engine leaves a long white cloud behind 
it, and on some other days only a short one. Explain this by 
desoribing in each case wiiy the cloud forms, and/why it disappears. 

10. A saucer containing water is left to evaporate on a window 
sill. Explain the atmospheric conditions which will favour or 
retard the disappearance of the water. 

1 1. Explain what happens to the steam issuing from the funnel of a 
steam-engine : (a) on a fine warm day ; (6) on a damp day ; (c) in a 
tunnel. 



CHAPTER XIIL 

ATMOSPHKRIC PHENOMENA. OCEAN CURRENTS. 

51. MIST. FOG, CLOUD. RAIN, SNOW, AND HAIL. 

Mist and fogs. — Hie general features of tlie forms of 
condensed moisture referred to under tliese names are 
familiar to every one. We naturally assfieiate mists witli 
rivers or other water sui*faces ; most often they make their 
appearance after the sun has set. They seem to be caused as 
follows ; the air over the land by the side r>f the river gets cold 
more (juickly than that over the river itself, because land 
radiates heat very much better than water does. The air over 
the water will show a tendency to rise, and the cold air will 
move towards the water to take its place. But the air over the 
water will thus be cooled and will be unable to hold as much 
water- vapour as liefoi'e, and the excess of moisture assumes the 
nature of a mist. It is impossible to say when a mist becomes 
a fog. A fog is generally regarded as something denser and 
blacker than a mist. The condensation which forms a fog, at all 
events, and probably a mist also, takes place round the small 
particles of dust in the air, which act as nuclei for the minute 
water drops which make up the fog. In London or the large 
manufacturing towns, where there is so much carbon in the air, 
the fogs become very bad indeed — or, as is commonly said in 
the former place, they are thick enough “ to cut.” 

Clouds. — Clouds arc sometimes formed in a similar manner 
to mists and fogs. They ditter chiefly in their position, and can 
be very correctly regaided as fogs high up in the air. When 
from any cause an upward current of warm air laden with 
invisible moisture is cooled in these higher atmospheric regions, 

I*S. I. N 
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a cloud will be produced. This can be brought about by a 
warm, moist stratum coming into contact with a cold current 
of air, whereby it becomes cooled and some qf its moisture is 
condensed into minute particles, which Tyndall called “ water- 
dust.” Or, in its upward passage, it naturally comes to a 
colder zone, and as naturally some of its moisture takes the 
visible form of a cloud. Moreover, in ascending to levels 
where the pressure is less, am expands, and is thereby cooled ; 
in fact, this cause of cooling is far more effective than the 
former. 

Bain. — The particles constituting a clo\)^^|at is, the water 
dust spoken of above, continually tend t(^WIlesce or unite 
together to form larger drojis. When these reach a certain size 
the air can no longer support them and in consequence of their 
increased mass they fall, being attracted more strongly to the 
earth. They do not always reach the surface of the earth, how- 
ever, for in their downward course it may happen that they 
have to traverse a layer of dry, unsaturated air, when the drops 
will become wholly evaporated again In their passage through 
very moist air, then, rain-drops continually get larger, whereas 
in falling through dry air they become smaller until they may 
even eventually disappear. 

^ SjIPW. — Sometimes the temperatuie of a cloud is below the 
freezing-point of water, when it is manifestly impossible for the 
moisture to assume the liquid state, and it becomes condensed 
in a solid form. If, in addition to this, the temperatui*e of the 
air through which the descending solid particles pass is below 
the freezing-point, we shall have a fall of solid particles in the 
form of snow. The falling particles unite continually to build 
up larger masses which we know as sonw-Aakes, which under 
favourable conditions, assume the most beautiful forms. Ice 
crystallises in the system called the hexagonal^ and it is found 
on examining snow-flakes that they are combinations of minute 
crystals belonging to this system. Their shapes are seen to 
perfection in the Arcti c regio ns, and observers in these high 
Dititudes have recognised over a thousand different forms. In 
this country they will be seen best when a fall of snow takes 
place in a still, quiet atmosphere, with the temperature at 
zero or lower to prevent a partial thaw ruining their exquisite 
beauty. If the snow, in its descent upon the earth becomes 
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partly melted, and perhaps Utei on partly frozen again, instead 
of snow flakes reaching the surface we shall have a mixture 
of half melted snow and lain, which is called sleet 
Hail — ^The mode of formation of hail stones has never been 
satisfactorily explained In oui country it falls more commonly 
in summer and spring than during the winter months Its 
existence seems m some way to be connected with the electncal 
state of the atmosphere It has been suggested that it is quite 
sufficient to imagine a very cold current of air impinging against 



a moist cloud, and suddenly lowering its temperature as a whole 
to below the freezing point, to account for its formation How 
ever it may be formed, it is another instance of the condensation 
of atmospheric vapour in the solid state Hail stones take the 
form either of hayd or soft pellets which vary in size from a 
small pea to a small hen’s egg Just as ram drops and snow 
flakes commonly mcrease in size as they approach the earth’s 
snrfaoe, so hail stones aggregate together in their downward 
flight, becoming larger and larger as they reach their destinatioin 
An examination of hail stones at different times and in vanous 
places has shown that they vary in their nature Sometimes, 
on cutting through a hail stone, it is seen to be built up roqnd a 
Speell dust as a nucleus and to take the appearance of having 
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been built up gradually, and not formed en niasspf exhibiting, as 
it does, a more or less stratified striicture. Soft hail-stonea seem 
to be small lumps of snow without any central dust particle. 

52. CIRCULATION OP THE ATMOSPHERE. 

Oeneral remarks. — That tlie air is in movement is a fact of 
common knowledge. We see the results of its motion Jis we 
wat(^h the branches of trees swaying to and fro. We feel the 
impact of the air jiarticles ujion our face when we turn towards 
a strong breeze We have now to consider several questions 
having reference to this circulation of the atmosphere. Is there 
any regularity or order in the way in which winds blow ? What 
causes them and a host of other (questions which will present 
themselves to the student Before attempting an answer U) 
such cpierics as these, it will be convenient to call attention here 
to the way in w’hich winds are named. In describing the 
diiection of ocean currents (p 200), a northerly current is one 
which flows toward the north, or similarly with any other. But 
the contrary is true of winds The direction of an ocean current is 
always given as that point of the compass to which it flows, whereas 
that of a wind is always spoken of as that from which it blows. 

The cause of winds. — In discussing the movements of liquids 
we found that water always flows from a place of high pressure 
to one where the pressure is lower. We said it sought its own 
level. Similar movements take place in all fluids ; there is in 
every case a movement from a point of higher to one of low^er 
pressure until the pressure is equalised. But as has been learnt, 
the pressure of the atmosphere varies considerably from jilace 
to place, and being a fluid there wull naturally be a disturbance 
of the whole, resulting from the endeavour to bring about an 
equilibrium of pressure. The air will move firom the places where 
the pressure is high towards those spots where the pressure is 
low. These movements constitute winds. The winds are ggfc 
m^ent if the difference of pressures causing them are con- 
stant throughout the year. They are i>$£iDdic if the pressure 
differences only arise at stated intervals. Vajiable winds result , 
from any pressure disturbance which may ensue from localtl 
peculiarities of situation or from any other cause. It has been 
seen that variations in pressure are the result of alterations in 
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temperature and of the increase or deciease of the amount of 
water vapour hekhby the air. These causes are, in consequence, 
to be legal ded as the primar^fayturs in bringing about winds. 

It has been found that the pressure vf the atmosphere is least 
in polar regions and along the eqhator, while the districts of 
greatest pressure occur approxinjately along the 
Cancer and also along the Tropic of Capricorn, in the northern 
and southern hemispheres respectively. From what has been 
said, it IS manifest that there will be a ino\'einent of air 
fioiii the Tropics of (cancer and Capricorn towards the poles 
on one hand and towards the equattir on the otlier. If the 
eaith were at rest, that is to say, we should have in the northern 
hemisphere a north wind blowing between tbe Tro})ie of (.^ancer 
and the equator and a south wind from near the same paiallel 
of latitude to the north pole ; while in the soutbei n hemisphei e 
there would be a south wind lietvieen the equator and the 
col responding parallel of latitude and a noith wind extending 
from the same circle to the south pole 

The trade winds. —But the eaith is not at rest. It is 
spinning round like a top The poles are at rest wliile places 
on the equator aie perfoiniiiig a journey of :2r),000 miles in 
24 hours, that is, are moving with a ^ ejsittity uf over a thousand 
miles an hour. Other places on the surface have velocities 
intermediate between these two extreine.s and dependent upon 
their latitude. Beaiing this iii mind, we will eonsider again the 
wind in the northern hemisphei e, which would be a north wind 
wei^ the earth at rest, and would blow betw’ecii the IVopic of 
Cancer and the equator. The air moving towards the e<iuator 
is subjected to two velocities— (I ) that which it has in a southerly 
direction, depending upon the actual piessiire difference between 
the place from which it starts and that towards which it moves ; 
(2) that which it has in a direction from east to west, duo to the 
earth’s rotation from west to east. The resultant is obtained in 
the manner described on p. 41. By applying this method the 
student will understand that the direction which the wind will 
appear to have will be from the north-east, and this moveihent 
will give rise to the north-east winds which are more or less 
permanent in the low latitudes we have specified. They are 
known as the TrgjjULj^indB, and were so called because of the 
assistance they rendered to the navigation of trading vessels 
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before the introduction of steamers. They blow with great 
constancy across the oceans, but are more |>r leas interfered 
with over the continents, since the lo cal condit ions on the land 
vary from place to place. 



By applying the same reasoning to the southern hemisphere 
t will be clear that the direction of the trade winds south of 
;he equator will be south-east. 

Land sea breezes. — Near the sea, especially in the 
jTopics, there are well-marked breezes, which result from the 



liiferent thermal properties of land and water. Water has a 
ligher specific heat, and is also a poorer absorber of heat than 
Sind, and consequently during the day the air above the land 
irill become warmer than that above the water, and an upward 
urrent of air will be set up over the land. The cooler air from 
ver the sea will flow in to take the place of the air which rises 
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and ^ill constitute a a earbrs ege. After sunset both the sea and 
land begin to ifidiate heat ; the land being a better radiator 
becomes cool quickly, but the sea reiiiains warm. The air over 
the water consequently becomes warmer than that over the 
land, and the pressure above the sea will be lower than that 
over the land, causing a current of air from the land out to 
sea, which is known as a la jud^br eeze. ' 

M9JUUK) ns. — In describing the trade winds no reference was 
ma(Ie to the Ii^uliaiLOcean, and this was because the conditions 
here periodically change as a result of the proximity to the great 
laiubmasses of Asia as well as of the apparent annual motion of 
the sun. The name 'itwnsoon is itself derived from a Malay 
woid meaning a i^eason^ to mark the fact of the yicriodical change 
in the direction of the winds, that is, the seasonal variation which 
they undergo. In summer, the Asiatic continent is shone upon 
nearly vertically by tlu^ suu, and therefore it becomes intensely 
hot compared with the waters of the Indian Ocean to the south. 
Asa natural result the air over the land rises because of the 
decrease in its density. The air from the relatively cold ocean 
flows in to take the place of the upward current, and in con- 
sequence of the earth’s rotation flows from the south loest across 
India, but in directions in other parts depending upon the 
nearest place of high pressure. This south-west monsoon blows 
from April to October. In the southern hemisphere, in a 
manner somewhat similar to that causing an alteration in the 
direction of the trade winds, the direction of the monsoon 
blowing in these months is south-east. In winter the conditions 
have become changed. The sun is now more or less vertical 
over the latitudes in the vicinity of the Tropic of Capricorn. 
The air over the Asiatic continent becomes cooled and denser, 
while that over parts of Africa has become warmed and rarer. 
There is a wind caused which blows from Asia to Africa in a 
north-easterly direction, and is felt from October to April. 

It must not be supposed that monsoons blow in no places 
besides the Indian Ocean, for wherever the local conditions 
interfere with the regular trade winds, these winds will partake 
of a seasonal character. Monsoons occur for these causes in 
Mladagascar, Guinea, Australia, Brazil. 
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/ > 53 OCEAN OUEEENTS f 

(y ' ^ ) 

i dijailatlon of Water —Place a piece of ice in a trough of water 

A B C D and at the other end of the trough arrange a metal rod E 
kept hot by a flame F Pour a little coloured liquid into the 
trough ana notice the general movement of the water as shown 
m Fig 131 

Ocean currents Causes — There are several causes at work 
tending to produce movements in the waters of the oceans 
They have already been referred to incidentally, and can be 
satisfactorily enumerated at once 



131 —Circulation of water 


(1) Action of the prevailing winds —In this connection the 
comparative shallowness of the ocean must be insisted upon, 
for it 18 only by bearing this in mind that any corception of 
the power of the wind can be attained Qj\o 

(2) The ftffant of the sun in tr opical *^ giona — The 

effect of heat upon liquids is to make them expand, causing 
a given mass to occupy a larger volume, and so become 
lighter bulk for bulk The result is a rising of the lighter 
waters and a sinking of the heavier colder waters to take theiJ* 
place, precisely as has been described under convection currents 

(p 182) - - 
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(3) The increase in saltness and consequently of density of tho 
water as a result of evaporation. The waters of the ocean 
contain solid substances in solution. When heated they give 
off pure water in the form of vapour, the saltness consequently 
increases and with this the waters become Jieavier bulk for bulk 
thereby disturbing the e(|iii librium. 

It is evident that the second and third of these causes produce 
contrary effects and tend to neutialise one another. It is most 
probable that the winds constitute the motive- force which 
results in the production of the groat regular movemonts of the 
water which are referred to uiidc»r this heading. The winds 
are set up by the sun and the amount of evaporation depends 
upon temperature, so that really the great cause of oceanic 
circulation is the energy of the sun. 

The general result of the dilfci ence of temperature in equa- . 
tqrial and polar regions is a tendency for warm surface currents 
to flow into higher latitudes, while a cold under curieni creeps 
along the ocean bottom from the poles towards the equator. 
This action has been illustrated in Experiment 53 i. 


CHIEF POINTS OF CHAPTER XIH. 

Fog consists of minute droplets of water, each having a small 
particle of dust or other matter as a nucleus, and formed near the 
earth’s surface. 

Mist IS similar to fog, hut not so dense, and the particles of water 
in it are believed to be larger than m fog 
Clouds mostly consist of innumerable particles of water suspended 
high up m the air ; they are elei atod mists or fogs. Some clouds, 
however, are composed of ice pirticles. 

Bain consists of drops of water, formed by the union of tho 
minute water particles of clouds, which fall towards the earth in 
consequence of their increased mass 
Snow is tho solid form in which the moisture of clouds le 
precipitated when the temperature is IhjIow the freezing-point of 
water. Snow-flakes always have a regular ciy^talhasilorm. 

Hail consists of pellets of ice or snow, frequently made up of 
couQcntric layers formed round a nucleus. I'his stratified structure 
proves its formation in stages and not all at once. ^ 

Wind IS air moving from phices wliere tho pressure is high 
towards those spots where the pressure is lower. The differences 
of pressure are produced by variations in the temperature and 
moisture of the air. 
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Land and sea breezes.— 

Night Breeze » 

from cooled land to warmer water 

Land Sea 



Day Breeze 

from sea to warmer land 

UKonsoons arc periodical winds strongly felt in and about the 
Indian Ocean and China Sea. 

/'Northern f North-east, October to April. 

I hemispliere\South-we8t, April to October. 

^ * ‘1 Southern / South-eas^t, April to October. 

(.h^uiisphercVNoi-th-west, October to April. 

Ocean Currents. — The gi’eat ocean currents arc mainly due to the 
^ action of tlie winds. Other minor cau ses are the heating effect of 
the tropical sun, and the increase'^)? saltness and consequently 
of density of salt water by evaporation. 

EXERCISES ON CHAPTER XIII. 

1. Distinguish between fog and mist. Why is the former more 
common in towns ? 

2. Describe carefully how clouds are formed. Explain how rain, 
snow, or hail, falls according to the condition of the atmosphere. 

3. What is the cause of wind ? Account for the directions of the 
Trade Winds in the two hemispheres. 

4. Explain what is meant by (a) Land and Sea Breezes, (/>) 
Monsoons. 

5. Describe an experiment to illustrate the circulation of water 
in consequence of a difference of temperature. 

6. Give a short account of the great ocean currents. 



CHAPTER XIV. 

PROPAGATION^ AND REFLECTION OF LIGHT. 

Light is a form of radiation.— In considering, in a part of 
the previous chapter, the ways in which heat can be transferred 
from one place to another, it has been seen that the heat of the 
sun reaches the earth by radiation. These solar radiations 
comprise what is collectively called sunlight ; they are conveyed 
in the form of waves through the niediuin ether, which is 
believed to pervade all space, and may be conveniently referred 
to as ether-waves. These ether-waves are of various lengths 
and can produce different effects. If they fall upon our bodies 
the longer waves may be absorbed, and the energy of the wave- 
motion become converted into heat; if they fall upon the retina 
of an eye, the shorter waves may produce a sensation of light 
and the waves are then spoken of as light ; falling upon a 
photographic plate or upon a green leaf, the shortest ether- 
waves may produce chemical effects, and are then referred 
to as actinic. But, in their passage through the ether, these 
ether- waves do not give rise to any of these effects ; they are 
simply waves transferring energy by wave-motion. 

VC ^ 

54. REGIILI]^EAB PRC^GATION OFw LIGHT. 

i. Light travels in straighbJiines.— Take three oai^ds and make a 
small hole in each with a fine needle. Fix the cards upon wooden 
blocks, so that all the holes arc at the same height and in a straight 
line. Place a lighted candle or a lamp in front of the first card, and 
. look through the third (Fig. 132). oo long as the holes are in a 
straight line you can see the light from the candle shining through. 
Move one of the cards aside, and notice that you can no longer see 
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the light What is true of light applies equally to all other kinds of 
j ac tation ^ 

J IL Bbi lio1» -raTnflra.~Con8truot a pm hole camera as follows 
Make two pasteboard tubes by rolling ;^ted paper on a wooden 
o yhnd er so that one fits inside the other For the wider tube 
previously cover the cylinder with dry paper Cover one end of the 
narrower tube with tissue paper and thrust this end into the wider 
tube Line with black paper Place the tube with the pin hole 



Fio 182 —The light of the candle can only be seen when the three holes 
in the screens are in a straight line 


facing a luminous object e g candle Notice that the image of 
the candle seen upon the tissue paper is upside down Reason out 
how this image is formed Many toy shops sell a pm hole camera at 
a penny and one of these may be used instead of constructing one 
nfcn tubes 


^ m — Make several pm holes near the first 

one m tfie pm hole camera For every pm hole there is an imajga- 
formed on the s creen Make the pm holes more and more numerou|« 
and nearer togeJher till the images overlap and become oonfusen 
At last diffused hght is produced uhich is an overlappmg of 
images. 

This experiment explains why the image becomes blurred md 
eventually disappears if the size of the sm^e pm hole is increaseoi 

Light travels in straight lines —That hght tays travel ip 
straight lines can be shown at once by examining the paths oi 
the rays as they pass through a hole m the shutter of a4b#fiepe^ 
room Though the ligbt:sca«es are not their^v^ 
the path of the light becomes apparent^ themitiii^ 

patfbmlfttuifjjnst m the air are rendered 
tions of the ether being refiected by 
duet particles in the room the beam of 
the nath of a beam is made^jb^^Ie 
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seen to be a straight line. That light travels in straight lines 
may, indeed, be inferred from several everyday experiences. 
We cannot see round a corner ; if light travelled through a 
uniform n^ilium in lines that were sometimes bent, there is 
no reason why we should not. Or, again, everyone knows 
that it is only necessary to put a small obstacle in the path 
of the light from a luminojiH body to shut out completely 
our view of it. The light from the setting sun, when the sky is 
cloudy, is often seen to travel in straiglit lines 
The images produced by a pin-hole are inierted.— When 
an object is viewed through a pin-hole camera, it is seen to be 
upside down upon the screen. Similarly, all images produced 
by a small apeiiure are inverted. This inversion is a direct 
consequence of the 
fact that light tra- 
vels in straight lines. 

That this is really 
the case can be un- 
derstood fully by the 
following simple con- 
siderations. Let lly 
in Fig. 133, be the 

pin-hole, and AB the 1.33. -Explanation of the inversion of images 

candle. Rays are sent seen through a pm-hoie. 

out in all directions 

by every point of the candle, but of all the rays from a point, 
such as A, only that in the direction All can pass through the 
hole and form an image A'. Similarly, the only ray from B 
which can get through the hole is R//, so an image of B is 
formed at B, Tlie same reasoning applies to any part of the 
candle, hence a complete inverted image is produced 

If the light which passes through a small hole in the shutter 
of an otherwise dark room be caught by a screen of cardboard, 
a coloured, inverted image of the sky and landscape will be 
seen. By using a pin-hole camera, a photograph of the view 
can be obtained (Fig. 134). The bright circles of light seen 
under trees in summer arc really images of the sun formed 
by the small spaces between the leaves. 

Size of image produced by a pin-hole.— That the size of the 
image depends upon the distance of the screen from the pin-hole 





greater tbe distance of tbe screen the longer the imagOi 
tttie reason for this alteration image is a 

simple one The of light fr<m the top and bottom of the 
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3 ^}ie^travel through the pm hole, and since one is travelling 
ipwards and the other downwards, they will be farther apart 
the greater the distance they travel Consequently, the image 
IS longer the more the screen is moved from the pm hole 
The relation between the sizes of the o b]ect and image 


according to their distances from the aperture is 

l ength of object _ di stance of object from apenure 
length of image ""distance of image from apertqre 


The larger the image the less bright it is, because the small 
amount of light is spread over a greater area in the case of the 
enlarged image ^ ^ 

V ^^U nm^nat ion due to overlapping of images —When a pm 
hole is made m the front face of a pm hole camera, an image of 



Flo 136 —To illustrate why the intensity of light diminishes as the 
distance from it increases 


the bright object looked at is formed on the screen in the 
manner described m the preceding paragraphs If a second 
hole be pierced, a second image is obtained When the number 
pf holes IS increased steadily, one at a time, the images, is 
observed, start overlapping, at the same time becoming blurrPdt 
When the number of images has 4^come considerable, no sepa 
rate image can be distinguished , d Uftised l^ t. as it is called, ia 
produced, and the screen is illuminated in the ordinary way ^ 
^ fotcp sity of light.— In proceeding from the aojpoii 
illumimtion, light ipre&ds out as indicated in Fig 135, ao 
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though each ray retains its original intensity the number of 
rays which illuminate a given area depends upon the distance 
of that area from the luminous source S At ^wice the distance 
the rays are spread over four times the area, so their illuminating 
effect, a^at M is only one fourth of what it is at m The amount 
of ligb<>T€jc6ived from a luminous source is thus inversely pro 
portional to the square of the distance from the source 


1 i 


55 SHADOWS 





i Shadows produced by small sources of light —(a) Place a stick 
f vertically between a screen and an ordinary fi^tail gaa bnrnar so 
that the flat flame and the stick are in the same plSie The shadow 
of the stick on the screen is defined sharply Turn the flame through 
' a righJLanffle so that it is now parallel to the screen The dark 
shadow IS fringed by another less intensely black 
[h) Cast a shadow of a ^here on to a screen using a small source 
of light such as a candle flame Notice that the shadow cast on the 
screen is distinct circular and of equal darkness throughout 
U Shadows produced by large sources of light —{a) Substitute a 
lamp with a ground glass globe larger than 
the sphere for the candle in the last experi 
ment Notice that the shadow on the screen 
IS made up of two parts an inner dark circular 
patch called the umbra while concentrically 
arranged round li is a partially illuminated 
shadow forming a ring caPed the mnum bra 
(Fm 136) 

Using the lamp with a large globe, as in 
penumbra /the last experiment cast a shadow of a very 
small sphere Notice that the shadow comes 
to a point) as can be shown by moving the screen slowly from 
the sphere when the shadow gradually becomes smaller and 
disappears This is a con veraii^ sh adow while those of t\vo 
previous experiments are ^ 

^ Shadow of a —When a thm rod is illuidinated by the 
edge of the flame of an ordinary fish tail gas burner the shadow 
of the rod thrown on a screen has sharp edges, and it is equally 
black throughout This, in common with all the phenomena of 
shadows you have studied experimentally, is the result of the 
fact that light travels in straight lines The light from the 
edge of a flame is in the place of the illuminated pm hole and 
the explanation offered for the formation of the image by a 
small aperture applies here also— except that there is no croi^ 
mg of the rays and no laveiaion ^ 


Fio 186 —Umbra and / 
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Umbra and penumbra — When in experimenting with the 
rod the flame is arranged so as to be parallel 'with the screen, 
the dark distant shadow— the umbra — is irjjiged on each side 
by a less distinct shadow — the penumbra Similarly, when a 



Fig 187 the source of light is relatively small the shadow of an 

^ f ^ ^ object has no penumbra 

Sphere is illuminated a small source of light sudh as a candle 
flame it casts a cleaxly iia&aed shadow on the screen^ or the 
umbra only is present (Fig 137) When however the source 
of light IS larger like the ground glass globe of the lamp, the 
umbra is surrounded by a partially illuminated concentrically 



arranged shadow— the penumbra In Fig 138, A lepresents the 
illuminated B the sphere, and mn the screen By follow 
ing the course of the rays of light the student will have no 
diflSiOtllty in understanding 

(1) The formaj^ion of umbra and penumbra 

(2) How these result from the propagation of light m strj^ht 
Imes 

I. 
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I 66/PHOTOMETEy 

’^Lur of invei&Mnure 


Lgpr of inve nt Bcui areg — ^Pin a piece of white paper upon a 
drawing board to act as a screen Fix the drawing board at right 
angles to a table in a darkened room In front of the screen place a 
vertical rod about 1 to 2 cm in diameter (a retort stand will do) 
Beyond this place to one side a candle fixed on a piece of wood 
and to the other side two candles one immediately in front of the 
other fixed on a block of wood Notice that two shadows of ^he 
upnght appear on the screen Move the candles near each other so 
that the two shadows of the upright touch but do not overlap 
Notice that one shadow that cast by the two candles is darker than 
the other The latter shadow is illuminated by one candle the other 
18 illuminated by two candles Now move back the two candles 
until the shadows appear equally dark that is in eaual contrast 
with the bnght part of the screen Then the two candles give just 
as much light to the screen as the one Measure the distance of the 
one candle and the mean distance of the two Compare these 
distances are they m the ratio 2 1 ^ Compare also the squares of 
the distances 

Do the experiment with different distances and again compare the 
squares of the distance Hence prove that the vHumiThotion %8 
vav^raely proportiomU to the square of the distance 



Flo 189 — Oomparison of the intensities of the flame of a candle and lamp 


, It Tbe shadow Photo y^ etor ^Usmg the same screen and rod as 
before compare illuminating power of a candle flagia-with that 
of a fish tail gas burner ora lamp (Fig 130) Place the c andle which 
can be conveniently fixed on a fiat piece of wood at a measured 
distance from the screen say 30 cm Move the lamp awav from the 
screen until the shadows oast by the candle flame ana the lamp flame 
are of equal intensity To estimate this accurately you must 
arrange the fiames so that they are the same height from the table» 
and in such positions that the two shadows on the screen just touch 
but do not overlap one another 
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The relative darkness of tho shadows is more easily seen if the 
eyes be contraotej^ or half closed) especially when, as here, tho light 
IS of somewhat different colours. 

Measure the distance of the lamp flame fioni the screen. Vary 
the distance of tlie candle from the scicen, and find the correspona- 
ing proper position of the lamp flame. Record thus : 


The shadow.photmneter (Rumford). 


Distance of Candle fiom the Screen. 

1 

Ihhtaiioe of Ijanip Flanu fioin the Screen 

1 . . 


2 

... 

3 

.. 

4 



Compare the squares of these distances. These arc evidently tho 
ratios of the relative illuminating powers of the two sour(5e8 of light ; 
and hence the comparison shows the ca ndie yo weroi the lamp or gas 
flame used. 

Bunsen’s photometer.— (a) Obtain a piece of white paxier. Make a 
groake spot m the centre. Allow a light to shine on tho paiier. 
Oliservc that tho grease spot is daikcr than tlicsiuioiinding surface. 
Observe tho paper by transmitted light. Notice that the grease 
spot is now brighter than tho geiieial suiface. 

{h) Use the paper us a screen and illuniinate one side of it by means 
of a candle and the other with a lamp Move the candle and lamp 
until the gi'ease spot is barely distinguisliable in jinint of brightness 
from the white surface near it. Measure the distance of the candle 
and lamp from tho grease spot. Using the law ot inverse squares, 
calculate the luinxnosity of tlic lamp in terms of tho candle. 

Photometry. — The principle already noticed, that the amount 
of light received from a luminous source is inversely ])ropor- 
tional to the square of the distance, is of great value in 
determining the relative brightness of two sources of light, or of 
measuring any light in terms of a standaul light. ' 

In Rumford’s shadow photometer (Fig. 130), the shadow cast by 
one source of light is illuminated solely by the other source of 
light. When the two shadows are equally dark, the illumina- 
tion, due to each light, at the position of the screen on which 
the shadows are thrown, is the same. By comparing together 
the squares of the distances of each light from the screen, the 
relative intensities of the two lights are determined? If the 
distance of the candle is 10 inches and that of the lamp 
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20 inches, the intensity of the candle would be represented by 
10 X 10=100 and the lamp by 20 x 20=400, or the Unip is four 
times as bright as the candle 

In niiwB^niLgTeftae anot the two sources of light are 

compared by placing them on either side of a screen having a 
grease spot in it Its use depends on the fact that a grease spot 
equally illuminated on either side has the same brightness as 


rv 


so that reflection only 
takes place from its 
front surface Upon the 
honoonl^l^j^b lay a 
sheet <^wiute paper 


Pie 141 Arrangement of pine and mirror for 
proving the laws of reflection of light 
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Fro 148 —To illustrate Bxpt 67 il 

[lass Cast upon the mirror at the foot of the rod, a 
<ys from the lantern or a sunbeam coming through 
a hole in~ a screen Notice (a) that the reflected beam always makes 
the same angles with the mirrof andtJie stick as the incidentJbe^ 
does and (5) that the incident beam^^e stick and the Teflecred 
beam all he m one plane (Fig 143} \ ^ 
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ill Reflection at two 


-Place a lighted candle in front of 


ligw 

a thick plate glass mirror as in Fig 144 Notice that two images 
oan h& seen when viewed a little from one sid^ One is due to 

reflection at the front surface 


the other is ^ 
reflection at the sil yered 
surface j 

Iv iniag:e8 fomed 


Pla^ 

ittmg 


ne^e m front of a plane 
unsilvered sheet of glass fixed 
vertically in front of a dark 
background Arrange another 
such njgfidle behind the mirror \ 
in such a position that wher 
ever the eye be placed the 
needle behind the mirror al 
ways appears in the position 
of the reflected image of the 
first needle 

It is easy to arrange the 
needle in the right position 
behind the mirror by observ 
ing that when this needle 
apparently moves more in the 
direction m which the eye is 
moved than the image does 
the needle is too far behind 
the mirror and mce versa 
Measure the distances of the two needles from the back of the 
mirror They should be the same thus showing that the image 
IS situated as far behind a plane mirror as the object is in front 
of it 


Beflection of light — When any w^ is said to be reflected, 
it IS understood that it comes into contact with the surface of 


some body, and is thrown back from that siicface, and travels in 
a direction opposed to that jn which it was originally moving 
This may happen in two ways, either re^glfurly or irregularly Irf 
the first case, it is turned back according to simple rules while 
m the second there is no uniformity about the di recti on Thfl 
page on which this explanation is printed appears to be white 
because — owing to the roughness of the pg,pM'’-of the irregular 
reflection of the light which falls upon it Or, if we powder a 
^sheetjgt-^lass, the powder seems to be white for a similar 
^^pefl^nT there are manJT surfaces formed from which irregular 
r^ection takes place The manner in which a 8h( |yLf of rays is 
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broken up and leaves tbe surface of a body when reflected 
irregularly can Ije seen in Fig 145 
Laws of reflection of light —Light is reflected regularly 
from d plane mirror— that is, a flaL reflecting surface Such a 
mirror can be made fiom 
a variety of substances, 
but the most common.^ 


but the most Q^ipp^s 
bri ght me^ rot si lv^ d 
glass ^ 



glass 

The angle at which 
the light, or any soit of 
wave, strikes the veflec 
t ing surfa ce is called the 
^ angl^jorincidence and the 

wave an inci dent jar ave . T ^ ^ ^ , , 

The angle at which th3^ ‘ 

wave leaves this surface is known lis the angl e .of reiiecti oiL 
and the wave as it leaves the reflegla^wave ^ 

There is a definite connection between the angles of incidence 
and reflection, and it can be expressed as follows 

1 The line representing the reflected wave is in the same plane 
with the normal and the line representing the incident wave, and is 
on the opposite side of the n onna l to the incident line^ 

2 The angle of incidence is equal to the angle of reflecSRRET 


It has also been learnt by experiment that when a wave 
strikes a reflecting surface normally^ %e having travelled along 
the normal it is reflected back upon the same line 
Formation of an image by a pla ne mir ror —The two rules 
]U8t enunciated enable the formation of an image by a plane 
mirror to be understood easily 

Let MM (Fig 146) be the plane mirror, and A a bright spot of 
light like the head of a pin m Expt 57 i First see what happens 
to the light ray uhich leaves A and strikes the mirror normally 
It IS reflected back along the same line, and the reflected ray 
appears to come from a point A along A A In the case of any 
other rays, such as AB^ the light? ray is reflected m such a way 
that the angle of reflection CBD is equal to the angle of inci 
dence ABC^ and appears to an eye, placed as in 146, to 
come along BJ) from a po^dg^^', where BB producea meets AA* 
If tbo same construction % made for any other it wtU 
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be reflected and appear to l)e coming along B'D\ which pro- 
duced backward^ will pass through the siiine, point A'. A* is 

therefore the image of 

proved easily 

Y I by geometry that is as 

\ j far behind the mirror as A 

i ^ 18 in fiont of it. 

c These facts apply equally 
^ to the bu’iiiation of the 
images of objects, which can 
// " ^ be considered as accumu- 

// ^ litions of small material 

f'/ particles to which the con- 

struction given above for a 
/ • I' point may be applied. 

When a mirror rotates, 

^ B’lO 146.— Repreisentatu)!! of the coiirso the anglethrough which the 
mirro? image moves is twice the 

angle through which the 
mirror moves. — Knowing the laws of reflection, tins truth 
can be arrived at easily by a knowledge of geometry. Thus 
let MM (Fig. 117) be a 

mirror, callable of rotation, * /R 

when in a vertical position. ^ ^ / 

After a brief interval it I M\ X ' 

will, when rijUting, have \ / ^ 

arrived at a now position \ ' 

M^M^. PO IS a ray of liglit ' 

which strikes the mirror in , V Pi 

its verticabqiosition at right \ 

angles. \ 

The mirror rotates and 
the direction of the reflected C 

ray is along OR, It is re- Fio 14T.— Pioof that the angle through 

PrtmiinrA thp sino*lp which tho reflected ray rnovob is double 
qillieo. to compare tne angle that thiough which tlie mu ror is turned. 

POR through whicli the ray 

of light moves, with the angle MOM^ through which the mirror 
moves. Angle POM = 2 , right angle, 

angle QOM^ =a right angle ; 
ande /’Oif=angle QOM^, 
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The angle through which the mirror moves 
=^rOM-MOQ 

But since angle of incidence == angle of reflection 
QOP^QOR; 

. P0R=:^2Q0P. 

But POR is the angle through which tlie ray of light moves, 
and it is twice that through which the mirror moves 

. 58. 8PHEBI04L MIBBOR8. 

1. Frhicipal focus of a con cave mirror. — Procure a concave miiror 
and cover it with l>la(‘k jiajier, except a small pai t at the cciitri‘ or 
round the pole. That is, let the aperture ot the mirror be small. 
Allow rays of sunlight to tall iiixiii it (these come from so great a 
distance that they can he considered jMiraih'f) Move a very small 



Flo. 148. — ^The principal focus of a si^icrical iiiiyor 

paper sci’ecn up and down in fiont of the reflecting surface so as not 
to cut off the incident rays. Notice that at a certain point a clear 
imago ot the sun is iorraed, and probably the screen will be burnt. 

11 Concave nurrors ; lawj^LiUst^ces.— (a) Place a lighted candle in 
front of a concave mirror so that the flame is on the pri ncipal axis. 
Move a small screen ot white cardlxiard to and from the mirror, so 
that it does not intercept all th^Tight passing between the candle 
and the mirror. At a certain distance from the mirror a clear 
image of the flame will ho found upon the card screen. 

(b) Now move the flame a short distance away or towards the 
mirror. It will be found necessary to move the card towards or 
away from the mirror m oi-der to again obtain a sharp image. 

The distances from the mirror to the candle flame u and fiom the 
mirror to the card y should be carefully measured. They will be 
found to depend upon the fo cal len gth / according to the equation : 
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Keflection from Spherical Mirrors. —A spnerical mirror 

is a part of a sp herical surf ace which ,has the power of^ 

> reflecting. It may be either ccmcuve ui- coumx, the former' 

if the reflection takes place from the hollow side, the latter 

if from the bulging side. Tlie centre of tlie sphere of 

which it forms part will evidently be the centre from which 

the part of it constituting the mirror was struck, and this jMunt 

IS called the ce ntre of cu rvature. The distance from this ])oiiit 

to the reflecting surface is the radius jtf curvature. Thus in 

Fig. 149 c is the centre of curvature and c^f, cd, clf, are all radii 

^ of curvature. MM' is 

^ called the diameter or 

^ ^ aptirture of the minor 

« and d is called by many 

names, peihaps pole of 

the mirror is the best 

A lino going through 

the pole and centre of 

curvature is the prki- 

cipal^lB of the mirror, 

, , , any other radius pro- 

PlQ. 149.~lloflecti()ii fiuin a spherical mirror i j i . » 

clucea being a serqoaary 

axis. We know from geometry that every radius is at right 

angles to the taiigfint at the point where it cuts the circle; 

and, since we can consider the tangent and circle as coincident 

at this point, from what has been already said it will be clear 

that the radii are normals to the mirror. Evidently, then, 

if we place a luminous object at the centi’e of curvature we 

shall have all the rays of light from it reflected back along 

the lines of incidence, or the image will be formed at the same 

place as the object. 

If parallel rays fall on a concave mirror, e.g. rays from the 
sun, they will be reflected and brought to one point, called a 
focus. The point so obtained is called the principal focus of the 
mirror. In Fig. 148, F represents this point and C the centre 
of curvature. The paiullel lines show the direction of the suii*s 
rays. This point F is midway between the pole and C, or the 
focal length is half the radius of curvature. 
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CHIEF POINTS OP CHAPTER XIV. 

1 

Light, like every kind of radiation, is a form of energy. It is a 
process of transference of eneigy by et^ Qr^a ves. Thos 9 , ^thor- 
waves which affect the retina are known as light. , ' j /^, 

Rectilinear propagation of light— Light travels in straight lines 
when propagated through any one medium, but often has its 
direction changed when passing from one medium to another (see 
Refraction). 

Consequences of rectilinear propagation of light— (a) The images 
produced by a pin-hole camera are inverted. 

(6) The size. of the image formed by such a camera can be found: 

length of object distance o f object from aperture 
length of image ""distance of image from apertui o' 

' ' (c) Illumination is duo to the overlapping of images. 

* (d) The formation of the umbra and penumbra. 

A photometer is an inatcument for comparing the intensities of 
different sources of light. 

Reflection. — Light, m being reflected from suitable surfaces, obeys 
the following laws : 

1. The reflected ray lies in the same plane as the incident ray 
and the normal ; and is on the opposite side of the normal to the 
incident ray. 

2 The angle of reflection is equal to tlic angle of incidence. 

Spherical miiTors. — When parallel rays, or those from a very 
distant object, f,ill on a concave iiinror, they meet, after reflection, 
at a point half-way between the mirror and its centre of curvature. 
Tins point is called the principal tocus. The law of the distances 
of the object and of the image respectively from the mirror in 
other cases is expressed by a simple equation. 


EXERCISES ON CHAPTER XIV. 


l. A candle is placed close to a looking-glass, and its reflection in 
the glass is viewed a little from one side. What will be seen ? As 
far as you can, explain the appearances which you describe. 


2. Describe a pin-hole camera, and explain, illustrating your 
answer by a diagram, how the image of a luminous^object is formed 
by it. . 

What experiment would vou perform to show why it is that the 
image first becomea^ljluraed and then disappears when the size of 
the hole is gradually increased ? 


3. Three candles are placed quite close together in a row at the 
centre of a room, and a wooden rod is held m a vertical position at 
a distance of alxmt a foot from the candles. Explain, giving 
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diagrams, why it is that as the rod is moved in a circle round tlie 
candles the shadow cast on the walls is in some positions sharp and 
in others very ill defined. J , ? 

4. The sun shines through a crack in the shutter of a darkened 
room. A person inside the room says that he sees a ray of light 
entering the room. Put his statement in a more accurate form. 
What can he really sec ? 

5. A small opa que sphe re is placed between a gas burner and a 
white screen, and when the gas is turned down so that tlie fiame is 
very small it is found that the shadow cast on the screen is quite 
shgjp. but on turning up the gas so that the fiame is large, that the 
edge of the shadow is blurred. Explain the reason for this change, 
illustrating your answer by means of diagrams. 

6. State the two laws in accordance with which a ray of light is 
refiected by a smooth surface, and describe experiments by which 
you would demonstrate the truth of each of these laws. 

7. What is an inyerted- image? If the capital letter F were 
drawn on paper and held in front of a mirror, how would you have 
t(3 draw the letter on the paper and how hold the imper, in order 
that the image of the letter in the mirror should present its ordinary 
aspect ? 

8. A bright object is placed at a short distance in front of an 
ordinary looking-glass. An eye hooking into the mirror sees, in 
general, a numV)er of images of the objcict, the «icond of the series 
in order of nearness being usually the most brilliant. Explain this. 

9. A shadow is usually divided into an “umbra” and a “pen- 
umbra.” Explain these terms. How can you readily obtain (1) 
a shadow which is practically all umbra, (2) a shadow which is all 
penumbra ? 

10. By moving a fragment of looking-glass, a boy finds that he 
can throw images of the sun up and down the w'alls and ceiling of 
a room. Where must he stand to be able to do this ? Show by a 
diagram that the angle through which the image moves is twice 
as large as the angle through which the boy moves the glass. 

11. Describe how parallel rays are reflected by a concave mirror. 
What is the law of distances in the case of such a mirror ? 



CHAPTER XV 


^^REPEACTION OF LIGHT 

59 REPBACTION AT PL ANE SURFA CES 

i Refraction by water— (a) Procure a rectangular metal box 
such as a cigarette box and put a wooden or metal scale on the 
bottom In a darkened room let s unlig ht fall slaptwise against the 



Fm to Ahow refraction of light by wator. 


edge The side of the box throws a shadow which reaones fs»\ w 
Of which, since light travels m straight lines m the same meaium» 
m a continuation of the ray of sunlight AB Without disturbing 
anything fill the box with water The shadow no longer reaches to 
Of but mdy as far as D Clearly the light waves have been bent or 
frfracted out of their original course Notice that JVW is the 
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normal, and that the rays of light travelling from the oompara 
lively rare air into the denser water are refracted towards the 
normal 

(6) Obtain a medicine bottle with flat 
faces and paste over one face a piece of 
paper having a circular hole cut m it 
,(Fig lol) On the glass draw a v^eziioal ^ 
f^yand a hor4sontal line on the clear space aa>^ 
shown Pour water into the bottle until it 
reaches the level of the horizontal line 
Let a narrow beam, of bg h ^ enter the side 
of the bottle and strike the surface of the 
water where the two lines cross it will be 
found to be bent m the water towards the 
vertical line 

it Pin method of proving laws of refrae- 
tlon.— (a) Upon a piece of board ABCD 
(Fig 152) pl^e a sheet of paper and up 


Pig 161. — Bottle for 
illustrating refraction of 
light by water 



the paper put a piece of fairly th! 

with parallel sides (a thick piece of gh 
from a box of weights a paper weight or 
a number of slips of microscope glass will 
do very well) Rule along the edges of 
the gii^s with a finely pointed pencil 
Place two pins a & as shown in the 
illustration and then looking through the glass from the other side, 
stick m the pins c, d, so that all four appear in a straight line 


/ 



Tig 162. —Pin method of Illustrating refraction of light* 


(h) Now take awa^ the glass and pins and join the pm holes on 
the paper as shown m Fig 158 Draw the normal ei^and the circle 
Draw Im and gk perpendicular to ehf and compare the lengths 


Im, gh Obtam the ratio ^ for different positions of the pins , it 

will be found practically ihc same m alh cases in which the sama 
matenid IS nsecL 

Hotide that the direotlcsi of tke ray cd, emerging from the glass^ 
is to that of ^ 

& phen om en a Pla^ a bnj^t object, 

say acoihf m thelmttom m an empty hasm, and arrange your eye 


so that the object is ;fU8t hidden by the edge of the basin (Fig 157) 
Get somebody to pour water into the basin You will now m able 
to see the coin withbut any mo\ement of your eye having taken 
place Evidently there has been a bending of the direction of the 
ught rays somewhere r' 

(6) Place a glass in front of a white surface bnghtly 
illuminated Let the surface of the water be visible Put a lump 
of ice on the water and jg^rve the streaky appearance of the 





Construction for proving the laws 
on by the pm method 


Fio 154 —Cell VTith glass sides 
for refraction experiments. 

mp ^d^l and hot water 


^illuminal^ part of the screen Add kymip ilcd^l and hot water 
by a pjyette NpUce that the light has not passed through 
uniformly 

(c) Observe the shadow of the disturbed air above a stove or hot 
poker Notice the apparent shifting of position of objects seen 
throng such air 

(c?)Eill a glass c^lmder with water and place a com at the 
bottom On looking straight down through the water the com 
appears nearer the surface than it really is Hold another com near 
the outside of the cylinder and place it at such a height that the 
two corns appear at the same level The amount by which the com 
in the water is apparently elevated by refraction can thus be fotmd 
The liMth of the column of water through which the com is 
observ^ divided by the distance from the top of the water to the 
outside com, gives the index refraction of water 

(e) Repeat the experiment with meth yla^d^ irit 

Bafraotioii of light — Up to the present the light rays have 
been supposed to be moving through a p^edmm When 

this IS so, as has been seen, light travels in straight lines, and, 
if it meets a reflecting surface, it is turned back, according to 
tbo ia^s which have been studied If, however, the lights pMep 
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from one medium into another of a different deyia itv the pro- 
pagation of the wave is no longer rectilinea ’ : the passage from 
one medium into the other is accompanied by a bending of its 
path. This bending is known as refraction, and the ray is said 
to be refracted. 

Rules of refraction. — In Figjiiji5 the shaded lower part of 
the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
connections, to mean optically denser, and must not be confused 

the density of bodies in Chapter 
II. Let RI represent a 
ray passing from the r arei: 
to the denser medium, oi^ 
the ray incident on the 
surface of the denser 
medium at /. The angle 
HI makes with the normal 
at I is the angle of inci- 
dence. The ray is bent ; 
instead of continuing its 
course in a straight line 
along IR\ it is refracted 
and travels in the direction 
of ISy which represents 
the refracted ray, the angle 
SIP being the angle of 
refraction. The angle R'lS^ which represents the amount the 
ray has been turned out of its original path, is called the 
angle j>f „ deflation. With the centre I and any convenient 
radius describe a circle, and from the points where it cuts 
the incident and refracted rays, perpendiculars on to the 
normal are drawn as in Fig. 155. A perpendicular is also 
dropped from the point R'. It is clear from geometry that 
R'F is equal to the perpendicular let fall on to the normal j 
from the point where the incident ray cuts the circle. The 
ratio between the lengths of R'F and SP is con stan t for the' 
same two media, e.g. air and water, whatever the angle of 
incidence. This ratio is called the indes: of refraction. Its 
value for air and water is about f ; for air and glass roughly 
f, depending upon the kind of glass. 
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The laws of refraction are then 

1 The incident ray the normal, and the refiraoted ray are all in 
the same plane The incident and refiracted rays are on opposite 
sides of the normal 

2 Xf a circle he described about the imlnt nf inftlSmirft and per-^ 
I>endiculars be dropped upon the normal from the intersections of 
this circle with the incident and refracted rays the ratio of the 
lengths Of these perpendiculars is constant for any two given media. 

Refraction through a jlate with parallel sides — In the 
case of a ray of light passing completely through a plate of 
glass, having its sides parallel, the ray is bent towards t^ 
normal when entering 
the glass, and away from 
the normal when emerg 
ing, so that its course 
IS as shown in Fig 156 
The ray is thus displaced 
laterally, but it emerges 
in a direction parallel 
to Its original direction 
The effect of refraction is 
in this case to cause the 
point ^ to be seen at S 
In constructing a dia 
gram for any similar case, it snouia oe UUJl'lit? XU xxuuA^i, vuww 
when a rav passes from a less dense to a more dense me^ium^ y 
It 18 bent towards the perpendicular to the sep arating surfac e, 
and when a ray passes from a dense to a rarer medium it is 
bent atmy from the perpendicular to the separating surface 

Various effects of refraction — The common experiment 
With a com at the bottom of a basin, where, being hrst hidden 
from view by the edge of the basin, it becomes visible again 
when water is poured mto the basjn, is explained easily by 
tracing out the p»^tfh thA 

In Fig 157 let c be the position of the com, in which it is just 
hidden so far as the eye is concerned by the edge of the empty 
basin. If the rays from the com c be continued m straight 
lines these lines will evidently pass above the eye Now when 
the water is put in, these rays, which before miss the ^e, are 
refracted m passing out of the water and just enter the eye^ 

L.A !• 1^ 
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m 

making the com appear to be m the position <f The nght side 
of the vessel, if continued upwards, represents ^the normal, and 
evidently in passing out of water into air the light waves are 
bent away fiom the normal 

The same kind of construction applies to the case when an 
object is seen obliquely through a t.hinlr plate (Fig 156) 
The object is displaced and also made to appear nearer than it 
really is 

^ The streaky appearance seen when the light from a l anter n is 
passed through water containing ice is due to the repeated 
refraction of the light on passing into layers of water of 



different densities (Expt 59 iii (6)) This reason, too, explains 
the results obtained when alcohol or syrup are mixed with water 
The refraction of light in its passage from one medium into 
anothei of different density explains several other very familiar 
observations A stick held m anything other than a perpen 
dicular position in water appears to be bent upwards If a 
straight stick is upright in water and looked at from a 
point a few feet the end, it will appear shorter than it 

really is, in the pr6|M^rtion of three to four, so that if a length 
of four feet is under wetter, it appears to be only three feet long 
In the same way standii^g bodies of water always appear shal 
lower than they really are on account of refraction A pool of 
clear water when viewed from a point vertically above the 
surface only i^pears f of its actual depth 
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60 BEFBACTION THBOUGH A EBISIL. 

• 

i. Pin method of tracing: deviation hy a prism.— Stand a pnsm 
upright that is upon one of its ends upon a piece of white paper 
Stick two pins into the paper in the positions Q 8 (Fig 158), place 
two more P R on the opposite side of the pnsm so that the four 



appear in a straight line when looking through the prism Draw 
the outline of the prism ABG and then take away the pnsm and 
the pins and connect the pm holes as shown in the diagram It 
' wi’l De found that the ray is bent towards the bMe of the prism 
both when it enters and emerges ^ 

Befhtction through a pnsm —When a wedge shaped piece 
of glass or a prism, as it is called in optics, is interposed 
in the path of a ray of light from a small hole in the cap of 
a lantern, it is easy to see by watching the image of the hole on 
a screen that the image moves in a direction towards the base 
of the prism This is because the ray is bent by its passage 
through the pnsm so that on its emergence from the glass 
it continues in a new path inclined towards the base of the 
pnsm The amount of Endin g experienced by the ray of light 
depends upon ^ 

i (1) The angle between the inclined sides of the prism meetthg 
f in Its edge, or the angle of the prism, as it is called i 

(2) the material of which the prism is made, and 
(8) the nature of the incident light 

M tvro prisms of the same angle and material are so arranged 
y that the e^ig^ of one adjoins the base of the other, the second 




228 


LESSONS IN SCIENCE 


prism undoes the bending of the first, and the ray as it leaves 
the co mbin ation of prisms continues its path in a direction 
parallel to the incident ray, though not, of course, in the same 
straight line with it. 

of a ray of light through a prism. — In Fig. 169 let the 
> triangle abc represent a segtdQn of the prism at right angles to 

its faces, such as we 
should see by looking 
at the end of it. 

Suppose DE is a ray 
of light striking the 
face ah of the prism. 
The light on entering 
the prism passes from 
the air into the glass, 
or from a rarer into a 
denser medium^ and is 
bent towards a line drawn perpendicular to the face of the prism 
at the point where the ray of light strikes it. It consequently 
travels along the line EE until it reaches the face ac of the 
prism. Here it passes from the glass into the air, i.e.from a 
denser into a rarer ftnedium^ and is, in such circumstances, bent 
from the perpendicular, and travels along the line E’U. In 
every such passage through a prism it is noticed that the light 
is always bent or refracted towards the thick part of the prism. 



61. REFRACTION THROUGH A LENS . 


• i The principal, fipcus of a lens.— To find the distance of the 
principal focus from the centre of the lens, that is, its fg^ql 
length, it is only necessary to form an image of the sun by it on a 
^6feen and to measure the distance between the lens and the screen. 

, it Convex lens; law of distances.— Place a candle flame on one 
side of a convex lens and arrange a cardboard screen to catch the 
image on the other side. When the image is quite sharp, measure 
the distances of flame and screen from the lens. Using letters u, v, 
and f as with concave mirrors (p. 217), obtain several pairs of 
values for n and v, the lens being moved between each determination. 
Measure the focal length /as in Expt. 61 i. 

It will be found that n, v, and f have values which satisfy the 
equation : 111 

It should be remembered thiit' u is. the distance from the flame 
to the lens. 
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lit The simple misfcoseepe —If the flame be brought towards the 
lens the screen must be moved away from it At last the ima^ 
cannot be obtaii^Bd on the screen no matter how far off it is earned 
Ihis happens when the flame is at the principal focus of the lens. 
In this case and when the flame and lens are still nearer one another 


no image is formed for the- rays of light now emerging from the lens 
are diverging This is what happens when a lens is used as a 
mag nif yinj jy glass or simple microscope and therefore held close to 
the object to be examined The enlarged appearance is due to the 
divergence of the emerging Hays The image is not £galrbut is 
v^jptmxl and appears to be srtuated on the same side of the lens as tha^ 
object A vi^ctJW>HTnage is thus one which cannot be caught on a screeni 

Befraction through a lens — Most lenses are of glass, witn 
c urved surfa ces which are portions of spheres In some lenses^ 
one surface is quite plane All lenses can be divided into two 



; -Fio 160 — Parallel rays falling on. a convex lens 

classes — convex or converging and concave or diverging Con 
verging lenses can be distinguished by their power of forming an 
image of a distant object like the sun, or by that of magnifying 
Concave lenses form no image in this way and, moreover, 
instead of magnifying, they make objects appear smaller when 
viewed through them 

To understand their action upon the course of rays of light 
through them it is simplest to regard them as being built up of 
parts of prisms in contact, as shown in Fig 161, where a conv^ 
lens IS built up in this way A ray of light falling upon 
one of these pnsms is refracted towards its thicker part, and 
consequently they all converge towards a point, which, if the 
mcident rays are parallel, is known as the of th^ 

lens, as j^in Figs 160 and 161 

in Its simplest form bmakfm of a 
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co nvex lens and gr-ound glass screen which can be moved 
towards or away from the Ifijjsr until a sharp image of the object 
to be photographed is obtained. The screen is 'now replaced by 
a prepared glass plate, coated with a substance, generally a 



Fm. 161 .-— Lens built up of parts of prisms. 


compound of silver, which is extremely sensitive to the action 
of light. The plate is exposed to the light passing through the 
lens for a space of time varying from 1000th of a second to 
several minutes, according to the intensity of the light forming 
the image. The image is not visible till the plate has been 
“ developed” and ‘‘ fixed.” In this way a negative is obtained in 
which light-coloured objects appear ^dark and vice versa, l^e 



positive or ordinary photograph is made by printing through 
the negative on sensitised paper. 

The telescope. — The principle of the refracting astronomical 
telescope can now be described. Notice in Fig. 162, the larger 
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double convex lens fornung an inia^e ah of the object AB. This 
image becomes Jhe ol)]oct to a second sinallei*, tluuigh in other 
respects similar, lens, placed near the eye The second lens 
forms an enlarged image A'B' (►f this fust image in the way 
shown in the figure A lens ])laced in the sanu* i elation to the 
smaller one as the larger in the figiirt* is calh‘d the ohjort phm, 
while the smaller oii(‘ wdiich magnities the image formed by 
the first constitutes the ei/e-piece. 


CHIEF POINTS OF CHAPTER XV. 

Refiraction of light A ray ot light jiassing fiom a 1(‘sh dense 
to a more dense medium is bent towards the pei i)endiLiilai to the 
separating suit ace, and conversely The laws of i (‘traction can ho 
stated thus * 

1. The iTKsideiit ray, the noiinal, and the lefi acted ray are all in 
the same plane The incident aiul ietiact(‘d lays are on oppusiU* 
sides of the noi inal 

2 If a circle he dt*s(ji ih(‘d about the point ot incKh'nce and pi‘rpen- , 
diculars he dropped u])on the normal, ironi the int(‘i sections of this ' 
circle with the incid(*nt and i(*ti acted rays, the latio ot the li'iigths 
of these perpend iculais is constant tor any two givc'ii media. 

Refraction by a prism. - Tlu' di'viation ot a beam ot light caused 
by the action of a prism depends upon (r?) the angle ot the pi ism, [h) 
its material, (c) the nature ot the light 

Refraction by a lens.— (Join ex hmses make lays filling upon them 
tend to become converging ; concave hmses ]m)(luce divergenoe. 
A lens may be conaideK'd as built up ot fuisnis, w'hich aie m 
opposite directions in coinex and concave lenses. The focus for 
parallel rays is called tlie principal focus. Tlie l.nv of distances 
for lenses is expressed in a simple equation very similar to tliat for 
concav(* mirrors. 


EXERCISES ON CHAPTER XV. 

1 , A bright head is jilaced at the liottom of a basin of water, and 
a person stands in such a position that lii^ can just see it over the 
edge of the basin. While he is looking, the water is drawn off. 
How will this affect his view ’ 

Draw a diagram showing the direction of a ray of light passing 
from the head through the water and the air in each case. 



m LESSONS IN SCIENCE 

2. A thick layer of tranapaturntL liquid floats on the surface of 
water Trace the course of a ray of light from an object immersed 
in the water through the floating liquid to the air/' 

3. Describe an experiment to show the path of a ray of light 
which passes obliquely through a thick plate of glass. Illustrate 
your answer by a sketch in whicli you indicate clearly the path 
ot the ray in the air before it enters tlic glass, m the glass, and 
m the air beyond the glass 

4 An upright post is fixed in the Inittom of a pond which is 
three feet deep ; the top of the ]H>st is three feet aliove the water. 
How will the pexst a^ipear to an eye about the level of the top of 
the post and foui or five feet away fiom it? 

Draw a figure to illustrate your answ'er 

Wliat will be seen as the eye mo\cs further and further back 
from the post ’ 

5. Describe in detail, giving a sketch of the apparatus, an 
experiment to show that when a ray of light passes from water to 
air it IS bent away from tlio perpendicular or normal. 

6 State the laws of the deviation of light when passing from 
any medium to one of diflorent optical density. 

7. A boy wades in a pond winch everywhere reaches to aliout 
the level of his knees On account of the water some of the pebbles 
with which the bottom is oover<*d aie invisible and others are not 
seen in their true places. Explain this, and illustrate your answer 
by a diagram. 

8 A dot IS made on a piece of paper, and a prism is laid on 
the paper, over the dot An eye in certain positions now seems 
to see two dots. Draw a diagram to explain this, 

9. Explain why a convex lens is also called a converging lens. 

10. Give short accounts of (a) the photographic camera, (6) the 
telescope. 

11. If a thick piece of plane glass be placed witli one edge resting 
on a page of print, the letters seen through the glass are displaced 
to one side or the other according to the position of the glass. 
Explain this. 

12. Given a small source of light show how you would proceed 
to obtain parallel rays by using a double convex lens. 

13. A person arranges a basin of water and a candle in such 
a way that the reflection of the ($andle on the water seems to him 
to bo in the same straight line as a com at the bottom of the water. 
Draw a diagram to show the nece.ssary arrangement, and give any 
explanation that you think necessary. 

14. A fish swims m a glass tank ; a person whose eye is above 
the level of the water seems to see two fish Draw a diagram tc 
illustrate this, and give any explanations you think neoossaiy, 
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15. Objects seen through hot air rising from a chimney are 
noticed to Jidcer. ^ Account for this fact. 

16. Common glass in a window pane distorts objects seen through^ 
it, while plate glass does not. Why is this? Illustiute your 
answer by a sketch. 



CHAPTER XVI. 

ANALYSIS OF LIGHT. CXILOUR. 

62 . DISPERSION. 

L Dispersion by a prism.— In a piece of card cut a about 

2 cm. long and 1 mm. wide. Place the card, with the slit vertical, 
in front of a fish-tail gas fiame (Fig. 163). Arrange a prism (A) on 
i stand, so that it is of the same height as the slit, and has its 
refracting edge vertical. Between the slit and the prism place a 
lens (Aj). Catch the light emerging from the prism by a second 



Fio. Eiperiraeut to skow the 'ii-i-'-r-ioii of light hy n 

lens (L^). Move the position of the screen (*S^) until the coloured 
band of light is best seen. Observe that the light is refracted 
towards the base of the prism and tliat it is decomposed into 
constituent colours, which are differently bent by the prism. The 
violet light is refracted most and tlu^ rc<l light least. Colours 
between these limits arc bent by intermediate amounts, Name the 
colours you can see. 
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The band of colour is called a 8pe£^im and an instrument con 
structed on the principle of this experiment a sp ectrosco pe the 
light IS said to be d^persed by the prism ' 

ii Dispersion a conseCLuence of unequal Tetr]^tioiL—{a) Place a 
red glass against the slit and notice that only a red ima g e of the slit 
IS visible Still observing the screen sub 

stitute a blue glass for the red one A blue f | (J 

image is seen but not in the same position as 
the red one it is bent more away from the 
refracting edge of the prism 

(6) Place a second prism uith its base in 
the same direction as that of the first Notice 
a longer band of colour than m Expt 62 i 
IS obtained" but it is fainter The amount 
of dispersion has been increased 

(c) Place the second prism so that its base 
adjoins the a pex of the first prism (Fig 
The band of colour disappears 

(d) Substitute a hollow glass prism (Fig 
164) filled with carbon bi sulphide for the 
solid glass prism used in the preceding ex 
periments Observe the increased length of 
the spectrum owing to the greater dispersive 
power of the carbon bi sulphide 

Analysis of light by a pnsm — When sunlight, or, as it 
IS called, white light, is passed through a prism, it is decomposed 
or dispersed owing to the different refrangibUity of the vanoijs 



Fio Idf.— A hollow 
prism for holding liquids 
to show the decomposi 
tion of light by unequal 
refraction 



kinds of light contained in it An examination of the band of 
colour or speotnuu will show that one colour shades imperceptibly 
into the next There is, then, a large number of waves ht 
different lengths comprised in the white light from the sun, and 
eaeh r^y is bent to an extent depending on its wave length 
Bsf^tion is aooompaiiied by dispersion —In all the esHes 
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of refraction which have hitherto been considered, the pheno- 
mena have been described as if all the ether-waves contained in 
white sunlight are bent equally, but this is really not so. 
What is commonly called ‘‘ red ” light is not so much bent out 
of its path by a prism as “ blue ” light. Or, expressing the same 
fact in another way, red light is less refrangible than the blue 
light. It is found by accurate experiments, which the student 
will find described in books on light, that the sensation of red 
upon the retina is due to the absorption of ether- waves which 



Fio. 160.— A sp^troscope for the analysis of light by means of a prism. 

are long and the vibration frequency slow compared with those 
waves which when absorbed by the retina give rise to the sen 
sation of blue. The shortest, most rapid waves are bent most 
the slowest, longest waves are bent least. The shortest, mosi 
rapid waves which afiect the retina give rise to the sensation o 
violet. Since a prism bends ether- waves of different length 
unequally in this way, it provides a means of separating wave 
of different lengths from one another. Because they are ben 
differently the ether- waves are separated or dispersed by th 
prism. This may be expressed by saying that a prism ca 
analyse light composed of waves of different lengths. 

If the decomposed sunlight, instead of being collected on 
screen, be passed through a second prism similarly arranged. 
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will be seen that the band is longer, or the dispersion is greater 
The amount of di|persion also dejijftds upon the material of 
which the prism is made Glass produces a much greater 
amount of dispersion than water flint glass possesses twice the 
dispersive power of crown glass , carbon bi sulphide, again, has 
even more dispersive power than flint glass 
^ Although a co ntinuou s band of colour is observed when ^n ^ 
light, or limelight, or a gas or candle flame is seen through a 
^sm, this continuous spectrum is not always produced For 
when substances such as s odium, ^. strontiuin. jand lithium, or 
their compounds are burnt m a n on luminoii?^ fla me, and 
observed through a prism a spectrum consisting of bright hues, 
which are different for different substances is seen A prism 
may thus be used and is used to analyse light The light of 
mcandescent sodium vapour produced by burning common salt 
in a flame, when observed through a prism is characterised by a 
yellow line, and the lights emitted by other substances when 
burning are each distinguished by rays of particular colours 
and positions in the spectrum 
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i Recomposition of light by a second prism —Place a prism m 
front of an illum^UAt^ slit as in 1* xpt 62 i Observe the band of 



Fio 107 -rRecomposition of light by a second prism 

ooloiir or spectrum Place a seccmd pnsm against the first one, but 
with the reSicting edge adjacent to the base (Fig 167) This prism 
uiuhies the work of the first one, and no spectrum oan now be seeUp 
Imt the lllummated sht. 
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ii. Recomposition by colour disc. — Upon a round piece of card 
paint sectors ot the diHerent tMiloiirs cuiitained lu the spcctium, 

aiiangmgi the ateas of the 
^ coloiiied sectors as nearly as 
A jHHSihle in the piopoitiou iii 
H wlncii they occur in the speo- 
wl trum. 

[H Place the card upon a whirl- 
» ing ta)>lo (Fig. lo8) or iiiKin 
|y a t(^)), and lotate it rapidly, 
\slu‘ii It will be found that 
liglit troni the card gives iise 
to the sensation ot white or 
grey. 

Formation of white light 
> from its constituents.— 

, Just as it is possible to 

Fig - iiotatiiiu disc, to show the iLiialyse white light, splitting 
ofNShght constituent coloiii*, ^.onstltueilt 

colours or wave-lengths, so, 
by suitable arrangements, these separated or dispersed colours 
can be made to recombine, forming wdiite light over again. 
This building up, or synthesis, of wdiite liglit can be effected in 
the following ways . 

1. By intei posing a second prism with its angle reversed 
The dispersion of the first ]>risin is neuti*alised, and the beam of 
light leaves the sc(*ond ])risiu in a dircetioii parallel to the beam 
incident upon the first jirism. 

2. By the colour disc. 

The colour disc. —The ex]ilanation of the recombination of 
the separate colours of the specti uiii liy means of a rapidly 
revolving disc, as in Expt. 63 ii., is very simple. It is due to 
what is called the persistence of images on the retina of the eye. 
Each impression the retina receives lasts for a certain length of 
time — about one-tenth of a second. It is not an insitantaneoua 
impression only. Think of the common ti’ick of whirling round 
a stick with a spark on the end which gives rise to the 
impression of a continuous circle of light. Tins is because the 
second impression of the spark is received by the eye before the 
first impression has died away. Similarly, the impression of one 
sector, say, a red one, has not disappeared before the next is 
received, and while these compounded impressions linger a third 
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one comes along. The blurred total of all these rapidly 
occurring impiessjoiw produces the greyish white tinge seen 
when a colour disc is whirled. 

Colour. — In every case tlie colour of a body depends on 
selective absorption or selective transmission. Of the coloured 
rays of white light one iiortion is absorlied at the surface of the 
body, [f the iinabsorbcd portion tiaverses the body it is 
coloured and transparent ; if, on the contrary, it is reflected 
the body is coloured and opaque. In both cases tbe colour 
depends upon the constituents of white light which are left to 
reach the eye after the othei foiibtituents have been absorbed. 
Bodies which reflect or transmit all (Hilonrs in the proportion in 
which they exist in the spectrum are \vhite ; those which reflect 
or transmit none are black Between these extreme limits 
infinite tints exist depending on the smaller or greater extent 
to which bodies reflect or transmit some colours and absorb 
others. * ^ 

In the case of a blue glass the red and yellow rays of white 
light are absorbed, while the blue rays are transmitted almost 
completely, the green and violet less so ; hence the light seen 
through the glass is blue. 

Bodies have no colour of their own ; the colour of a body 
changes with the light which falls upon it. It is interesting to 
remember that this absorption of certain constituents of light 
necessitates a using iij) of energy. But since energy cannot be 
destroyed it is in these cases converted into heat. Tlieoretically, 
a blue glass would get hotter than a red one, because the former 
absorbs all the red rays, and these have a greater heating effect 
than blue rays. 


CHIEF POINTS OF CHAPTER XVL 

Analysifl of light by a prism. — The points to ho remembered are • 

1. That if abeam of moiiQshromatlu. light, that is, liglit of one 
wave length, traverses a pi ism, it is bent out of its original direction, 
but the amount of bending produced by any naiticular prism depends 
upon the colour of the beam of light used, oemg greatest for violet 
and least for red light. 

2. That if light from any source passes thiough a prism, it is 
broken up or analysed into its different components, each ray of 
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elementary colour that enters into the composition of the light being 
bent by a different amount. 


Red 
Orange 
Yellow 
Green 
Blue 
Indigo 
Violet 

White light can, therefore, like a chemical compound, bo broken 
up into simpler elements. 

Recomposition of light — the colour disc. — The analysis of white 
light IS noted above; the synthesis, or recomposition, can be 
effected : 

1. By making the coloured band or spectrum, produced when 
light has passed through one prism, traverse a second prism having 
its refracting angle reversed. 

2. By rotating a diso of cardboard painted m segments of violet, 
blue, green, yellow, orange and red 

Colour of transpuent bodies. — ^l^'he colour of transparent bodies 
is due to the constituents of white light irwuarnUud by them. 

^ Colour of opa que Jiodies. —The colour of opaque bodies is due to 
the constituents of white light which they rejiect. 


EXEBCISES ON CHAPTEB XVL 

1. Desorihe ahd explain the effects observed when cards coloured 
bright red, green, and blue respectively, are passed from the red to 
the blue end of the spectrum. 

2. Some glass houses in which ferns are grown are constructed of 
green glass. Describe the appearance, to an observer in such a 
house, of a lady in a red costume carrying a book with a bnght blue 
cover. Give reasons for your answer. 

3. How would you explain to a class of children the effect of 
a stained glass window upon sunlight ? What simple experiments 
would you perform to convince them of the truth of your statements ? 

4. A ray of white light is pass^ through a glass prism ; make a 
sketch showing how the direction of the ray is onanged by its 
passage through the pnsm and the order of the colours seen when 
the light falls on a screen. 

How would you show that when these colours are re-combined 
white light is produced ? 

5. Describe an arrangement by means of which a spectrum may 
be formed upon a soreen. 
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If the light is made to fall upon a piece of red glass before reach- 
ing the screen, how and why will the spectrum be affected ? What 
would tlie effect liave been if blue glass had been used ? 

6. How can it be proved that : 

(a) White light is a mixture of many colours? {h) Different 
colours have different degrees of re frang ibility ? 

7. What is meant by the disperaUm of light ? On what fact docs 
it depend ? 

8. Explain the term rafrangihility as applied to a ray of light. 
Are rays of all colours equally refrangible ? 

9. It is sometimes said that “red glass colours the sunlight red,” 
and that “ blue glass colours the sunlight blue.” Mention facts or 
experiments which show that this is not accurate. Put the state- 
ment in a more accurate form. 

10. Bright sunlight falls obliquely upon the surface of the water 
contained in a white china basin ; a penny is held near the sur facie 
of the water, and in such a position that its shadow falls upon the 
bottom of the l>asin. Parts of the shadow arc found to be edged 
with colour. W'hat colours may be observed? On what part of 
the shadow is each to be seen? How do you account for the 
colours ? 


L.s. I. 
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TERRESTRIAL MAGNETISM. 


64. NATURAL AND ARTIFICIAL MAGNETS. 


i. Attractive property of lodestone.— Examine a piece of lode- 
stone. Dip it into iron filings. Observe that the filings adhere in 
tufts to certain parts of the lodestone. 

ii. Directive property of lodestone.— Take a second piece of lode- 
stone which has been roughly 
shaped so that the places where 
the filings adhere are situated 
n(‘ar its ends. Support the piece 
of lodestone in a wire stirrup as 
shown in Fig. 169, and prove 
that even if at first arranged in 
anv other way, the piece of 
lodestone, after swinging about 
for some time, eventually comes 
to rest along a certain line, and 
oiKi end of the lodestone, which 
you can mark with chalk, always 
poiiits in the same direction. 

iii. Action between two lode- 
stones. —Leave the piece of lode- 
stone of the last (exercise sus- 
pended in its position of rest. 
Bring up the first piece of lode- 
stone towards it in such a 
manner that one of the places 
where the filings adhered points 
at the end of the suspended 
piece. Observe what happens. Now point it at the other end of the 
suspended lodcstoiu' and again oh, serve the result. In one case 
attraction takers place, while in th(‘ (»ther repulsion eTisiies. 

iv. Magnetisation by means of lodestone — Take a good sized sewing 
needle and fix it on the table with a little soft wax. Using the 
piece of lodestone from the stirrup in the last experiment, and 
beginning at the point of the iK'cdle, rub the end of the lodestone 
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along the length of the needle, and when yon get to the eye, raise 
the lodes tone and bring it again on to the point of the needle and 
repeat the stroking pro- 
cess. Uo this about ten 
or twelve times. 

V. Properties of a 
magnet. — Examine the 
needle which has been 
rubbed with the lode- 
stone. No change of 
appearance can be seen, 
but it will now attract 
iron filings at its ends. 

Support it in a tiny 
stirrup (Eig. 170), and 
see that it arranges 
itself as the shaped 
piece of lodestone did. 

Also notice that while 
the point is either at- Pio. IT'D.— Convenient tnethods of suspending mag"- 
tracted or repelled by nets to illustrate tlieir directive properties, 
the end of the shaped 

lodestone, the eye is repelled or attracted, that is, behaves in an 
exactly opposite manner. 

The needle has bc(‘n uiade into a magnet, or has become magnet- 
ised. Most filings are attracted at its ends, which are in consequence 
termed the poles of the magnet. 




Fio. 171 .— Suspended bar magnet with iron filings adhering to its poles. 


vi. Artificial magnets. — Examine several forms of artificial magnets. 
Notice that some are in the shape of bars, others in that of a horse- 
shoe. 

Treat the bar magnet in the same way as the shaped lodestone, 
thus : (a) Support in a stirrup, and see that it arrangt s itst lf along 
the same line (Fig. 171). 
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{h) Dip both ends successively into iron filings. Notice and 
sketch the way in which the filings form a tuft. These ends are the 
poles. No filings adhere to the centre of the magi.et. 

(c) Support the magnetised needle as in Expt. (54 v. Bring first 
one end oi the bar-magnet, and then the other, up to the XMJiiit of 
the needle. Notice and record the result. Repeat, using the eye 
of the needle. 

Lodestone. — Lodestone is a chcniioal compound of iron and 
oxygen which occurs in the earth’s crust. It is more com- 
monly known as magnetite. The name lodestone is reserved 
for those varieties which have magnetic properties ; it signifies 
“leading stone” and refers to the early use of this directive 
property for navigating shi])s. This mineral is found in con- 
siderable quantities iii Scandinavia, Asia Minor, United States, 
and other countries. 

Artificial magnets. — The experiments already described 
teach several important facts. Lodestone is able natii rally to 
attract iron filings. It arranges itself m a particular way when 
allowed to hang freely. It can impart these properties to 
pieces of steel, converting them into artificial magnets. These, 
in their turn, can make other pieces of steel into artificial magnets. 
All artificial magnets arrange themselves in the same way when 
freely suspended. In every respect an artificial magnet has the 
same magnetic properties as lodestone. 


fi5. PSIMAB7 LAWS OF MAGNETISM. 

i. Blagnetic attraction and repulsion. Substituting the bar 
magnet for the shaped lodestone, magnetise another needle as m 
Expt. 64 iv. 

(o) Support the two magnetised needles, which you now have, each 
in a little stirrup. Allow them to swing freely and come to rest. 
On the ends of the two needles which point in the same direction 
stick a piece of paper, or mark them in some other convenient way. 

(c) Leave one needle in its stirrup and take the other out. Hola- 
ing the needle in your hand, bring the marked end up to the marked 
end of the suspended needle. Notice repulsion. Bring the un- 
marked end of the needle in your hand up to the unmarked end of 
the suspended needle. Again notice repulsion. 

(d) ]now bring the unmarked end of one against the marked end 
of the other. Notice attraction. 

(e) Substitute a soft iron-nail for the needle in your hand in the 
last experiment. Notice that when either end of the nail is brought 
up to the marked or unmarked end of the suspended magnetised 
needle, attraction ensues. 
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Since unmagnetised iron will attract both poles of a magnetic 
needle we are led to an important conclusion vi7 that re]fyul8%<m tm 

the mUy mre teet^f permanetit rrM 4 piijeimUtm - ^ ^ J 

ii Action between poles of magnet and compass needle -—(a) Pr» 
cure an ordinary compass needle which is simply a light magneti^ 
needle supported as in Fig 172 so that it can move easily m 
horizontal plane Notice 

that one end which is ^ 

marked always points m 

towards the north it is ^ 

called the north seeking 

end Bring up towards 

this marked end of the 

compass needle that end 

of a bar magnet which 

points to the north when 

it IS freely suspended in UH^ 

a stirrup and is marked 

they repel one another j»jq ^^2 —Common form of compass xisedle and 
Repeat the experiment stand 

using the unmarked or 


using the unmarkea or 

90\Uh seeking end of the needle and bar magnet Observe they 
similarly repel one another 

(?>) Repeat the last experiment only make the unmarked end of 
the bar magnet approach the marked end of the needle Observe 
that they rush together or attract one another Similarly not^e 
that unlike poles in ajI^cin?um8taaeeB-att]cact^ j^ne-anetEer^ 
ittmace a baf'magnS^ upon the table Arrange a compass 
needle upon it so that its point of suspension is on the middle line 

of the magnet where it 
P „ - ^ IS found no filings ad 

I _ here Set the compass 

needle swinging and then 
allow it to come to rest 
Pio 178. —Unlike poles attract one another Observe that the needle 


arranges itself with its 
marked end pointmg towards the unmarked end of the magnet 
The reverse is true of the other pole of the needle (Fig 173) 

We say the magnet exerts a directive force upon the needle 
Put the needle m other positions on the magnet and notice the same 
fact 

Iv Result of breaking a magnet.— (a) Magnetise a piece of clock 
spnng Find which end is repelled by the marked end of a sue 
pend^ magnetic needle and stick a piece of paper on this end. 
Convince yourself that the other end of the piece of hardened spnng 
is attracted by the marked end of the suspended needle Observe, 
too that the middle of this piece of spnng has no effect on the needle 
(5) Break the piece of iipnng into halves and examine each |^e 0 € 
by brmgii^ the ends of the pieces in turn up to the suspmnM 
needle \^at was, ^fore breaung the middle pairt piece q] 
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spring IS now found to affect the needle and to attract the iron 
filings. Each piece* bus lieconie a yieifect magnet. 

(e) By means of tlie suspended Tnagn(‘tisi*d nee'dle satisfy youi self 
that the otlier end of tiie half which is marked, is atti acted by the 
maiked end of tlie needle, while the other end of the half which 
is unmarked, rep<*ls the inaikeil end of the needle. 

Magnetic attraction and repulsion.— Expenmeuts like those 
now performed teach the rule leferrod to as the “ First Law of 
Magnetic Attraction and Tlepnlsion,” which can be stated thus : 
I lake magnetic poles repel one another. 

I Unlike magnetic poles attract one another. 

It must, however, be noticed here that, although repulsion is 
sufficient proof that two like poles aie acting upon one another, 
attraction is not necessarily due to the mutual action of two unlike 
permanent ])oles, since, as has been seen m Expt. 65 i. (e) mag- 
nets can attract soft iron which has no ])ormanent jioles at all. 

Why a magnetic needle points to the north.— A compass 
needle always arranges itself with its inaiked or A' end towards 
the magnetic north, because the earth a< ts like a bar-magnet. 
A certain part of the eiu’th in the noi thorn hemisphere acts like 
the unmarked or south-seeking end of the magnet, and attracts 
the marked end of the needle. Tlie ])hico where this attracts e 
force is greatest is called the north magnetic pole, and though at 
first it seems contradictory, there must evidently be the south- 
seeking kind of magnetism at the north niagnotie pole. The 
line in which the needle arranges itself is called the magnetic 
meridian. The student must avoid the common erior of believ- 
ing that the south pole of a magnet points towards the north. 
The north pole of a magnet points towards the north , and the 
question as to the kind of magnetism at the e.ii th’s magnetic 
poles does not affect the names given to tlie poles of a compass 
needle or magnet. If it were possible to obtain a magnet with 
a north pole alone, tliis magnet would move bodily toward the 
north pole of the earth ; but as every magnet has two poles, the 
earth’s action is only directive. 

Lines of force. — When a bar-magnet is covered with a sheet 
of card or glass, and iron filings are sprinkled on the card, if the 
card is tapped the filings arrange themselves along definite 
lines. Tlie filings chiefly collect round the ends, which contain 
the poles of the magnet. The poles are found near the ends 
of the bar-magnet, where the magnetic power is most strongly 
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shown. A line joinin«» the poles is called the magnetic axis. A 
line at right angles to the axis and midway between the pole.s is 
known as the neutral line or magnetic equator Lt has been seen 
that there are no filings along this line, where the opposite 
magnetic pro])ei tics appear to neutralise one; another. Each 
filing a<;ts like a tiny magnet. 

When two magnets are ])laced near one another, the lines of 
force due to their mutual action (*au be shown by means of iron 
filings The curves in ^\hlch the filings airange themselves 
indicate the direction of the resultant magnetic force. 


66. MAGNETIC DECLINATION. 

i. Magnetic meridian. —(ri) R(‘mov(* all iirngm^ts, also any ])iccob 
of iron, to a distance. Make cnciilar holes in tu'o piecf*s of card- 
hoard and fasten line thread or silk fibres acioss eacli as shown in 



Fia. 174,— Determination of majfnetic mcndian. 

Fig. 174. Fa.steii tlicso twc) }iu;ces of c.udbo,ird to the ends of a bar- 
magtict and suiiport the whole as shown iii the illustialioii. Biing 
the magnet to icst and inaik the line of the centres of the cross wires 
by brass pins stuck into the table. Diaw the lino ah. Reverse the 
magnet, so that tlie cross wiies are now below it, and rcpi'at. Draw 
a'h'. The line bisecting the angle between ah and «7/ is the 
magnetic meridian. Why is it necessary to use pins ot brass instead 
of oidinary pins in this experiment 

{h) Freely support al)ov<* tins line each of the magnets you have 
in order, viz , the shaped l<Klestone, the magnetised needles, and 
the horse-shoe magnet The horse-shoo magnet is best sujiportcd 
vertically by a threiul. Notice that on coming to rest they all 
arrange themselves along the magnetic meridian. 

The line along whioli a freely bus]»endcd magnet arranges itself is 
known as the magnetic meiidian, and it can lie at once rowjldy 
traced for any place by the simple exxieriments you have performed. 

ii. How to find the geographic^ meridian.— Allow a freely-sus- 
pended compass needle to come fjo rest. Draw a line on the table 
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to mark the direction of the needle. Through the point under the 
spot whore the needle is supported diaw a line inclined to the 

j 



Fio. 17S — The lines lunninfi; down tho figure show whore the magnetic 
declination is the stitue , the broken hncsarross the figure connect T>ointa 
of equal magnetic dip (B’roni Prof. S. P. Thornpbou's Letaoru tn EUctnaty 
and Magnetisiiu Macmillan.) 


imgr^ic mendtan you have just drawn, and at an angle to it equal 
to the magnetic declination of the place, which can Be found from 
Eig. 176. The lines running from top to bottom are lines of equal 
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magnetic declination, and tlie numbers at tlieir ends show the 
lumber of degrees by which tlio north pole of a magnet sets west of 
true north at tlie pi%sent time in the British Isles. 

/Declination, or variation —The magnetic poles of the earth 
do not coincide with its geographical poles. You will learn later 
what is known about the position of the foi iner. Great circles 
round the earth, which pass through 
the geographical polos, aie known 
as the meridians of hmgitude. 

Similarly, curved lines pointing to 
the magnetic north and south poles./ 
of the earth are called magnetic^* 



'meridians; and it is along one of 
these that a compass needle ariungcs 
itself. Tlie angle between the geo- 
graphical and magnetic meridians of 
any place is called the declination 
or variation of that place (Fig 176). 

Its value for any year at various 
places is recorded in the NmiiicaL 
At Greenw ich Ohger^ 
v^ory in 1905 the declination was 16® 10' W. 'Having a com- 
pass needle and knowing the angle of declination it is easy to 
determine the geographical meridian through a place. The 
direction in which the compass sets itself is found, and then 
allowance is made east or west of this according to the 
declination of the place of observation. 


Fi(}. 176 —Magnetic dccliiia.tion 
IS the angle between the magnetic 
and geographical lucridiana of a 
place. ' 


67. MAaNETIC DIP. . 

* i. meaning of magnetic dip.— Take a knitting needle and support 
Lt by a fibre or two of unG^nm' sitk, attached by soft wax, so that it 
arranges itself horizontally. Now holding it carefully so as not to 
^>reak the silk, magnetise it hy the method of Expt. 65 1. (a). Allow 
it to hang freely again. It is no longer horizontal. One end dtps 
lown. By means of a compass needle asoertam which pole is 
lipping, and record your result. 

ii, Coofltraction of a dipid 2 u:.needle. — A needle which is free to 
novo in a vertical plane, but fixed as regards movement in a hon* 
sontal plane, is called a dipping needle. Either use a Ixni^ht dipping 
leedle, or make a simple form yourself such as the following : 

Select an u nmagneti scd knitting needle about 6 ins. long CSon- 
itruot an axle for the needle in the following manner : Hold two 
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short pieces of copper wire on opposite sides of and at right angles 
to the length of the needle. Twist the ends of the wires together 
on each side so as to grip the needle tightly, ant carefully straighten 
the twists. Make the wire surfaces as smooth as possible by heating 

in a gas flame and applying scaling 
wax, shaking off the excess of wax 
'while stiU fluid Apply a spot of 
fet\i^ng-wax so as to connect rigidly 
the axle to the needle. Mak(* a 
support for th(,‘ needle hy cm t ting 
two njotangular pieces of sheet 
brass or copper (3 m. xj in.), 
rigidly connect them together at 
the base with their short edges 
lioiizontal and J in. a]jart, and 
fix them to a suitable base-lioard. 
Attach a cnculai scale ot to one 
of the sujjpiirts (Fig. 177) >See 
whether the needle* is truly bal- 
anced by supporting it by its axld' 
on the knife-edges ; if necessary, 
adjust the iMisition of the axle by 
slightly wanning the scaling- wax 
joint and moving the axle along the 
needle. Carefully m agne tise tlu* 
nt'edle Place it on the knife-edges 
Fig. ITT.— A aimploform of dipping. With its axle coinciding with the 
needle. 'centre of the circular sealt*. 

' V Hi, Determination of the a^le 
OOip.— («) To make an aocuratc measurement ot tins angle jou 
must be sure of one or two things The needle mil's! more tn the 
^ane of the matjiiefic meridian One plan to ensure tins is as 
follows : Carefully draw the magnetic meiidian by Expt. 06 i., and 
then ariange the ncc'dlo so 
as to lie directly above it 
'When sot free the needle 
moves in the plane ot the 
meridian. 

(6) A better way, and the 
^lan generally adopted, is 
first to rotate the needle 
until it stands quite v(Tti- 
cal, in which case the piano 
of movement is at right 
angles to the magnetic nicndian. Then turn the plane in which 
the needle is free to move through exactly 90°, thus making this 
plane to coincide with the magnetic meridian. 

It. Eiqplanation of angle of dip. — Mamctisc a sowing needle as 
in Expt. 66 i. (a). Suspend it by a thread so tliat it hangs quite hori- 
Eontally. Bring it over the neutral lino of a iKir-niagnt*!, and notice 
^liat it remains horizontal. Gradually move it towards the north* 



Fig. its, —Dip of a small compass needle In 
different pobitions over a magnet. 
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seeking end of the magnet. Observe that as the pole of the magnet 
IS approached the needle Is'cnmes iiichiied with the south-seeking 
end (lownwaids at larger and huger angh-s to tlie har-magnet, until 
when it IS over the magnet pole it is veitical. The angle which the 
needle makes with the Uir-magnet coi responds to the angle of dip 
of a dipping needle. 

A dipping needle is sini])ly a magnetic needle suspended in 
such a way that it is free to move m a vertical plane in a 
manner similar to that in which the magnetised knitting needle 
moves in E.^pt, d? n Eig 171) will make 
the principle of its construction quite dear. 

The value of the magnetic dip at Green- 
wich in 1005 was 60® 55'. 

Behaviour of the dipping needle at 
different places on the earth's surface. — 

It has been seen that a needle assumes a 
horizontal position when above the neutral 
line, or magnetic e<iuator, of a magnet 
When aliove the polos of the magnet the _ 
needle stands vertical, and in intermtubate \ 
positions the needle is inclined at a greater 
and greater angle as the pole is a])j)rc)adied. 

Moreover, over the north-seeking end of the 
bar- magnet the south-seeking pole of the 
needle is lielow, whereas ovei tlie other 
end of the bar-magnet the north-Kccking ‘ dlj, 
pole of the needle is in the lowest position. 

Procisely the same thing is observed in the case of the earth ; 
in some places the dipping needle adopts a horizontal position, 
and a line joining all those stations where this is so marks 
the magnetic equator of the earth. When rlie needle is moved 
aVay from this equator towards one of the magnetic poles of 
the earth, the dipping needle makes a laigcr and larger angle 
with the horizon, or, what is the same thing, the angle of dip 
increases, until eventually the needle stands vertical, or the 
angle of dip is a maximum. When this is so the observer knows 
that one of the magnetic poles of the earth has been reached. 

Position of the earth’s magnetic poles,— The magnetic poles 
of the earth, which are located by the vertical position of the 
dipping needle in their immediate neighbourhoods, do not 
coincide with the geograpliical poles. The north magnetic pole, 
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at which there must be south-seeking magnetism, because the 
north-seeking pole of the dipping needle is the one which dips, 
is situated a thousand miles away from the north geographical 
pole at Boothia Felix in lat. 70° 5' N., and long. 96° 46' W. Its 
position was discovered by Sir James Ross in 1831. It is 
believed that a south magnetic pole is situated about lat. 73° S. 
and long. 147° E., but the exact position has not been located ; 
and certain evidence suggests that there are two south magnetic 
poles. 

The earth as a magnet. — The various phenomena, to which 



Fio. 180 .— Diagrammatic representation of magnetic condition of the earth. 


it has been possible only to refer briefly, could be produced in 
a general way if a huge magnet or lodes tone was arranged 
along a diameter of the earth with its south-seeking end under 
the north magnetic pole (Fig. 180). The position taken by the 
dipping needle is that which such a bar-magnet would cause it 
to adopt. The neutral line of the bar-magnet would be the 
position of the magnetic equator of the earth, and the magnetic 
poles of the earth would be over those of the magnet. The 
earth’s magnetic condition can, however, be better represented 
by considering that there are two magnets within the earth, 
one much stronger than the other. Of course, it must be 
understood that no such gigantic magnets are hidden away in 
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the earth^s interior but the illustration affords a ready means 
of remembering the chief points which have been enumerated* 
The manner’s compass — Expt 66 1 (5) has shown that every 
suitably supported magnet arranges itself in the magnetic 
meridian, and it is on this fact that the manner’s compass 
depends for its construction In the actual instrument, a flat 
needle is suspended by means of an agate cap, placed at its 



Fio 181 —A compass card 


centre of gravity The cap works on a point in such a manner 
that the needle can move freely in a horizontal plane On the 
top of the needle a card, divided as sho^ n in Fig 181, is fixed, 
care being taken that the centre of the needle is under the 
centre of the card, and the north seeking pole of the magnet 
under the division marked north on the card This north point 
is indicated in the figure by means of the fleur de Its With 
this arrangement the direction of the magnetic north pole is 
always seen by looking at the Jkwr de Its The dotted line 
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indicates the direction of tlie middle line, from how to stern, of 
the ship upon whicli the compass card in tlie iigui’e is supposed 
to bo. When the man at the holm wishes the ship to travel in 
any particular direction, lie turns the wheel until the icquired 
point of the compass conies under tlie ariow on the dotted line 
In Fig. 181 the conipa.ss-card indicates that the shi]), the medial 
line of which is shown, is travelling in a N.N.E. direction. 


68. MAGNETIC INDUCTION. METHODS OF 
MAGNETIZATION. 

1. Magnetic induction. — (tt) Placti a piece ot soit non in a clamp or 
<«i a block on the table, and hung a magnet near one ('iid. It W'lll 
be found that so long as the non and magnet are neai one another, 
the lion is magnetic, but directly the magnet is lemoved, the soft 
non loses its magnetism Test the ends of tlie non with a small 
compass and aaceiiaiii what is the natuie of the polaiity pioduced 
ill the iron. 

{h) Repeat this expeiimcnt using a very strong magnet and a small 
piece of steel in pla<5e ot the soft iron Similar lesults w’lll Ih^ 
obtained exeept that the steel letains its magiw'lisrn aftei tht‘ 
magnet is removed 

li. Inductioii hy eartli.— Hold an iron poker in the line of magnetic 
dip (p. 251) with its lower end ii€3aj a compass needle On titppiiig 
the iron a few times with a hammer, it woll ho found to become 
magnetic with a north pole at the end iieai tlio compass newllc. 

Magnetic Induction.— The jiroductioii of magiictism iii this 
way without contact between the inducing magnet and the iron 
or steel is said to be due to Tndwtion. 

In Experiment 68 li the inducing magnet is repieseuted by the 
earth, which cori’espoiid.s to a very weak magnet. Tapping tlie 
iron IS found to increase the strength of the induced magnetism. 
The iron poker need not be accurately in the line of magnetic 
dip ; in fact it is a common exjienence to find workshop tools 
magnetic after they have been .standing vertically for a while 
in a rack. However, a stronger effect is produced if the iron is 
actually in the line of dip. 

Methods of magnetization. — Artificial magnets may be 
made from steel bars in several ways. 

1. By rubbing with a lodestone a.s on p. 242. 

2, By rubbing witli one or more artificial magnets. It is 
necessary to use the same pole, and to rub the steel m the 
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same direction the whole of the time. For, supposing the 
north pole to be used, and the direction of rubbing from left 
to right, then the neV magnet will liave a north pole on the left 
and a south pole on the i ight. The end last rubbed has a pole 
opposite 111 sign to tlial. of the rubbing magnet Now, a south 
pole being used in the direction of right to left will produce the 
same effect as a noith pole moved in the o])positc direction. 
Advantage of this hwt is sometimes taken, the steel being 
magnetised by using two iiiagiiet.s at the same tune. Com- 
nienoing in the (*oiitrc of tlie steel bar, and using the opposite 
poles of two magnets, these polos are nibbed on the steel 
towanls tin* ends, the magnets are lifted, and the sti'okea 
repeate<l from the middle as many times as may be necessary 
3 By ])assing an electric cm lent round the steel as explained 
on p. 2li8 llns is the way in whu*li magnets are made at 
the present tnii(‘, lu'canse not only is it a (piiekor process, but 
the steel is magiietiseil much more strongly than by rubbing 
with magnets. 


CHIEF POINTS OP CHAPTER XVIL 

Lodestone is a natural clumiiedl coTnpf)und of iron and oxygen 
which ]iossess(\s the piopeity (1) of atti acting non and steel filings ; 
(*2) of eoniing to r«\st m a magnetic noith and south line when trecly 
suspended oi baltiiu'ed. 

Artificial magnets ean lx; made by stiokiiig a piece of steel in one 
direction with a lodestone or an aititicial nmgntt. In every resjiect 
aitificial magnets have the same magnetic i)ro^ptMia,as l^estone. 

The primary law of magnetic attiiiction and repulsion is. like 
pi)le.s rt‘pcl €*ach other ; unlike poles attract each other. 

When a magnet is broken, each <»f the resulting parts is a magnet 
poss(‘ssitig both a north- and a south-seeking jkjIo. 

Magnetic declination or variation is the angle between a true 
noith and south line (shown by a noon-day shadow) and a magnetic 
north and south lm<^ (shown by a compass needle). It differs at 
different places, and varies from year to year. 

Magnetic dip or inclination is the angle which a magnetic needle 
turning about a horizontal axis makes with the horizon when the 
vortical plane in which it moves coincides with the niagoetio 
meridian. It varies from place to place and from year to year. 

A dipping needle simply consists of a magnet supported cm a 
horizontal axis and free to move in a vertical plane. The needle 
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must swing exactly in the magnetic meridian before the angle of dip 
at a place is measured. 

The earth’s magnetic poles are the points thi jugh which magnetic 
meridians pass, and at which a dipping needle would set vertically. 
The north magnetic pole is in l^iothia Felix, and a south magnetic 
pole is at lat. 73° S. , and long 147° E. 

IMfagnetic induction takes place when a magnet is placed near iron 
or steel The magnetisation produced in the former substance is 
temporary, but in the latter it is permanent 

Making magnets.— Steel may be made strongly magnetic by using 
two magnets and rubbing the steel with opposite poles from its 
centre towards the ends. The strongest magnets are made by using 
electric currents 


EXERCISES ON CHAPTER XVII. 

1. Suppose you arc given a small compass and two knitting 
needles, of which oii(5 is slightly magnetised and tin? other iiii- 
magnetised. How will you find (1) which needle is which, and (2) 
which IS the noith-seekmg end <»f the magnetised needle’ 

2. A liar-magiiet is bioken into four pieces. What magnetism 
do these pieces possess? How can you prove the truth of your 
answer ’ 

3 ’I’ wo compasses are put iie.xr together on a table. Tn what 
positions may the needles bo expected not, todistuib one aiiotlicr’ 
How will the needles behave when one (smipass is put to the 
magnetic north-west of tlie other’ 

4 A magnet is embedded in a piece of wood. How can the 
position in which it lies bo determined witliout breaking the wood ’ 

How could you determine the magnetic north and south direction 
by means of such a hidden magnet ? 

5. Explain the meaning of the following 

(а) The mean declination at (Ireenwicli m 1896 was 16° 56' *5 
west. 

(б) The mean dip m Greenwich in 1896 was 67° 9'. State why it 
IS necessary to specify the place and the year in which the observa- 
tions were made. 

6. Two darning needles are magnetised so that the eye of each 
is the north-seeking end. They are hung up side hy side, each 
by a separate thread fastened through the eye. What magnetic 
action between them may be observed? How do 3 '’ou account 
for it’ 

7. A piece of wood is fastened to a bar magnet in such a way 
that the latter will float horizontally. The magnet is then placed 
in a basin of water. Wliat results ma\^ bo observed’ What do 
these results teach us aliout the magnetic force of the earth ? 
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8. A compass and a magnetised knitting needle are laid upon a 
table. When one end of the knitting needle is placed close to the 
compass on the (niagnetic) north side, the compass needle settles 
with its north-seeking end pointing to the (magnetic) north-west. 
Draw a diagram to show the directions of the various magnetic 
forces that keep the compass needle in the position in question. 
You may assume that the further end of the knitting needle is so 
far off that it does not iniluence the compass needle. 

9. Each of two magnetised knitting needles is suspended by a 
thread in such a way that it will hang horizontally. In what 
direction will each needle settle itself when uninfluenced by the 
other ? What magnetic action between the needles may be observed 
(1) when they are hiing side by aide, (2) when they are hung with 
the north-seeking pole of one just under the south-seeking pole of 
the other ? 

10. What is a dipping needle? For what purpose would you 
employ it ? How could you satisfy yourself that the dip w'as not 
due to the gravitational action of the earth ? 

11. Describe the various methods of making magnets. Explain 
some simple experiments to illustrate magnetic induction. 
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69. ELECTRIFICATION. 

i. Development of eleotrlfioation by finction. — (a) Arrange a variety 
of Rmall light fragments, such as pieces of paper, bran, saw-dust, in 
a heap u^n the table. Vigorously rub a rod of glass with a piece 
of dry silk and hold it over the light fragments. Observe how they 
are attracted by the rod. 

(6) Repeat the last experiment, using 

(1) Rod of sealing wax and flannel. 

(2) Rod of ebonite and a cat’s skin. 

(3) Sheet of brown paper and a clothes brush. 

To obtain satisfactory results the rods and rubbers should 

be quite dry and warm. 
This can be ensured by 
placing them on sand con- 
tained in a baker’s tray 
supported on a couple of 
tripKxi stands, or in some 
other suitable manner, and 

\ warmed by a Bunsen 
burner or two. The tray 
should be covered with 
a piece of sheet iron 
bent into the form of an 
arch. 

11. Electrical attraction 
and repulsion.— (a) Make 
a stirrup out of stout 
copper-wire. Hang it from 
the ring of a retort stand 
by means of a thread or 
Fla. 182. —To Illustrate Experiment «9ii. (a), ribbon. Balance a round 

ruler in the stirrup. As 
in Expts. 69 i. (a) and (6), electrify a rod by rubbing and bring 
it near to the l^lanced ruler. Notice attraction. 
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(6) Substitute other hejivy itjds for the ruler and observe that all 
are attracted by the electuticd body. Vary the experiment by 
balancing the rublied, and consequently electnficd, body on the 
stirrup, and holding the lods, which wore previously balanced, in 
your hand, bring them up to the rod on the stirrup. Again attrac- 
tion takes place. 

(c) Repeat Expt. 69 i. {a) and observe that after the light particles 
have been attracted by, and touch, the electrified rod, they are 
immediately repelled. 

(d) Or, support two pith-balls by two cotton threads to a wire 
stuck m a rod ot sealing wax supported as m Fig. 183. Bring the 
electrified rod near the balls. They 
are attracted by, and touch, the 
rod. This is followwl by repulsion, 
and afterwards it will be observed 
that the balls lepel one another and 
stand apart. 

ill. Two kinds of electrification.— - 

(a) Rub a piece of glass tube with 
the piece of dry silk, and supjKirt 
it on the hanging stirrup. Then 
rub a piece of sealing-wax with 
flannel and bring the lod of sealing 
wax near the glass tube. Notice 
attraction Record the fact tliat 
slass robbed with silk is attiactirf i83._piu.-biiBB supported as 
by sealing wax rubbed with flannel, debcrlbod m Experiment ii id). 

Repeat the experiment, first rub- 
bing and supporting the sealing wax, and then bringing near it 
the rubbed glass tube. Notice tlie same lesult. 

(6) Support one piece of glass tube which has lieen rubbed with 
the silk rubber (in this case it is advantageous to hang the stirrup 
by a silk thread) and bring up a second glass tube which has been 
similarly treated. Notice reputnion. Kecoid the fact that glass 
rubbed with silk is repelled by other glass similarly treated. 

Repeat the last experiment, using two sticks ot sealing wax and 
a flannel rublier. Record the result. 

(c) Support a single pith-ball by a silk thread to a support with 
d varnished glass leg. Bring in contact with the ball a glass rod 
which has been rubbed with silk. 

(cl) Using two pith-hail pendiilums, as the arrangement in the last 
exercise is called, one charged as in the last experiment, and the 
other similarly, but by means of a piece of sealing wax rubbed with 
flannel, test the nature of the mectrification generated on the 
rubbed body in each of the following oases : (i. ) sulphur rubbed with 
fur ; (li.) sulphur with flannel ; (lii.) ebonite with silk ; (iv.) ebonite 
with fur ; (v.) glass with flannel ; (vi.) amber with flannel. 

Electrification. — ^That some substances when rubbed acquire 
the peculiar power of attracting light bodies has been known 
from very early times. It was recorded by Thales (b.c. 600) 
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th.at amber when rubbed became diiferent from all other sub- 
stances by possessing this power of attraction. The supposed 
cause of this property is called electricityp from the Greek word 
for amber (electron). Up till the end of the sixteenth century 
amber was considered to be unique. When, however, men 
began to observe and experiment, it was soon found that many 
substances behaved in a similar way. Substances which, like 
amber, became electrified by rubbing were called electrics. 

It IS now known that, under suitable conditions, most, if not 
all, substances can be electrified by rubbing with a suitable sub- 
stance. A rod of sealing-wax rubbed with flannel will cause 
quite a flutter among fragments of tissue paper, and a sheet of 
warm brown paper, after stroking wuth a clothes brush, also 
will attract light bodies. 

In order tliat these electrical effects may be well seen, it 
is essential that the materials used be quite dry. The best 
way to ensure this is to place them in front of a clear fire 
or in an oven such as tliat sufficiently described in Expt. 69 
i. (h). 

Electrical attraction and repulsion.— To obtain a fuller 
knowledge of electrification, it is necessary to observe more 
closely and to experiment with precision — that is, scientifically 
— on electrified bodies Are all light bodies attracted, or only 
a selected few? It is easy to detect even a small attraction 
when a body is suspended in an appai*atus similar to Fig. 183, 
and some such form may be used conveniently. Small balls of 
various substances are easily attached, by means of thread, to a 
support having a varnished glass leg. Whatever the composi- 
tion of the balls, they are attracted without distinction by an 
electrified rod. If the electrified body itself is suspended, any 
substance brought near it will attract it. 

The attraction between a body that is electrified and one that 
is not is mutual ; each attracts the other. When one of the 
suspended balls is allowed to touch the attiacting rod, after 
a momentary hesitation, it flies away and afterwards refuses to 
approach the rod again. If two balls hanging together have 
been attracted and touched by the rod, not only are they 
repelled by the rod, but they also repel one another (Fig. 183). 

Two kinds of electrification.— If a suspended ball is 
repelled by a glass rod which has been rubbed with silk, a 
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piece of sealing wax rubbed with ilannel will attract it Thus, 
the sealing wax and glass, though both electrified, behave diifer- 
ently. It is foiiiA that all electrified bodies behave either like 
the rubbed glass or like the rubbed sealing wax. Electrification 
IS, then, of two kinds. It has been seen that when an electrified 
body shares its electrification with another body, the former 
immediately repels the latter ; also that a glass rod rubbed 
with silk will repel another similarly treated. From such facts 
as these it may be concluded that bodies similarly electrified 
repel one another. Sealing wax rubl>ed with Ilannel will, how^* 
ever, attract a glass rod pieviously rubbed with silk. It may 
be stated, therefore, that bodies oppositely electrified attract one 
another; but attraction mu.st not l>e considered as a ci*itei‘ion of 
opposite electrification, for an electrified glass rod will not only 
attract an electrified rod of sealing wax or ebonite, but any 
electrified rod will attract an unelectritied body. 

The names idtEfiAWS and rjasmons were given originally to the 
states of electrification of the glass and sealing wax lespec- 
tively. When, however, it was found that glass rubbed with.» 
fur possessed the same kind of electrification as sealing wax 
rubbed with Ilannel these names fell into disuse Instead of 
vitreous and resinous, the words positive mi pegatlve are now 
used. Glass rubbed with silk becomes pomtivtfy _ 

(+ly), while sealing wax rubbed with flannel is negattxely • 
electcUled (-ly). When a body is electrified it is also said to 
be charged. 


70. ELECTRIC CHARGES. 

i. fiquaJJUxAfiBPPffite charges — {a) Make a flani&l Just to fit 
the end of a stout ro<f of sealing wax or other convenient substance. 
Attach a silk thread to the fiaiiiicl cap. See that both rod and cap 
are dry and waim. Have a positively charged pith-ball pendulum 
near. Rotate the flannel cap once or twice by pulling the piece of 
silk which has been previously wound round it. 

(6) Holding the cap by the silk thread, bring it near the +ly 
charged ball. Notice repulsion. The cap is therefore -fly charged. 

(c) Touch the pith ball with a finger, and then charjge it nega- 
tively by means of a piece of scaling wax rubbed with ilannel. 
Bring near it the end of the rod on winch the flannel cap has been 
rubbed. Again notice repulsion. The rod was therefore -ly 
charged by the ilannel cap. 
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{d) Put on the cap again and repeat the rubbing. Do not take 
off the cap, but bring both up to an uncharged pith ball. There is 
neither attraction nor repulsion. 

11 . Conductj2E&.aiid.l2L8Ul^ Rub with a piece of dry silk 

a brass tub*e held in the hand. Bring the tube near to tlie cap of^ 
an electiXMCope. There is no di 3 tei*gence ot the leaves. # 

Procure a piece of brass to which a varnished glass handle has 
been attached, and holding the rod by the glass handle, Hick the 
brass with the silk, or with a cat’s skin. Now, quickly bring the 
brass in contact with the cap of the electroscope. Notice the diver- 
gence of the leaves. 

Try to think what causes the difference between this result and 
the former one. 

(6) Cause the leaves of an electroscope to diverge widely by means 
of small positive charges from a iiCQuLpkine, such as a metal disc 
attached to a glass rod. Touch the disc of the electroscope m 
succession with pieces of glass, sealing wax, solid p araffin , ebonite, 
and metal rod. 

Charge the electroscope again and touch the disc with the finger. 
Record your results. 

During electrification equal and opposite charges are 
produced. — So far only the thing rubbed has been con- 
sidered ; the glass has been observed and the silk neglected ; 
the sealing wax attended to and the flannel disregarded. 
But careful experiment shows that not only is the rod elec- 
trified but the rubber also. The electiification of one is of 
the opposite kind to that of the other. While the sealing 
wax becomes negatively electrified the flannel is positively 
charged. If a body is rubbed and the rubber left in position, 
no trace of electrification can be observed. The cliarges are 
produced in quantities which balance one another. When 
the bodies are separated, however, each shows its appropriate 
kind of electrification. 

Electmeopes. — An electroscope is an instrument for detectr 
ing the presence of small quantities of electricity. The instrument 
can also be used to determine the kind of electrification. A 
suitably suspended ball of pith on a varnished glass leg, or on a 
stick of sealing wax, serves this purpose. Electrified bodies 
attract the ball. When, however, the ball is itself charged, 
by touching an electrified body, it enables the observer to 
discriminate further. 

Bodies electrified in a similar way to the ball repel it ; 
all other bodies attract it. It must be noticed carefully 
that attraction does not tell whether a body is electrified or 
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not. The attracting body may either be charged with tlie 
opposite kind of, electricity to the pith ball, or it may be 
Uncharged. With another pith ball charged oppositely to the 
body brought near to it, repulsion would be a sure test of 
electrillcation. 

The flro ld leaf electr oacoiae (Fig. 184) is much more convenient 
in use than the pith ball pattern. Two forms of gold leaf 
electroscope are shown in Figs. 184 and 
185. In Fig. 184 the metal wire, carry- 
ing the gold leaves at one end and a 
metal disja.at the other, is supported in- 
side a glass tumbler in the manner the 
illustration makes clear. In Fig. 185 a 
bottle takes the place of the tumbler and 
the metal wire passes through an india- 
rubber stopper in the neck of the bottle. 

The approach of an electriiied body is indi- 
cated by the divergence of the leaves of 
the electroscope This form of electroscope 
can be charged by carrying to it small 
quantities of electricity on a proof plane, 
that is, on a small metal disc fixed to a 
handle of varnished glass or sealing wax. 

Conductors and insulators.— The reasons for many pre- 
cautions, which it has been necessary to take, have not as yet 
been given. The varnished glass stand of the pith-ball electro- 
scope, the ebonite support of the metal carrying the gold leaves 
of the gold leaf electroscope, and the varnished glass handle of 
the proof plane, are all provided for a definite reason. When 
•the cap of a charged electroscope is touched by the hand or 
a metal rod, its charge disappears. Recharged and touched by 
a rod of glass, ebonite, or sealing wax, it is undisturbed ; its 
charge remains. 

The metal rod and the hand conduct the electric charge away. 
Along the glass, ebonite, or sealing wax, v the electric charge 
cannot escape. Substances which allow electricity to pass along 
them are called condactors ; ebonite and similar substances which 
prevent its flow, are called insulators. Consequently, to pre- 
serve an electric charge it must be separated from the earth 
an insulator, 
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71. ELECTRIC INDUCTION AND STORAGE. 


i. InductioxL— Cause a char^ 
an electroscope (Fig. 185). 



jod rod to approach towards the disc of 
Notice the divergcrico of the leaves. 
Still holding the lod in the same 
position, touch the caj) of the electro- 
scope. The leaves ( jonipletely collapse. 
Remove, lirst the fingci from the disc 
of the ehictroscope, and second, the 
rod from the neighbourliood of the 
electroscope. The leaves again di- 
verge and remain divngent Test 
the electndcation of the leaves and 
convince yourself that the charge is 
of the opposite kind to that on the 
rod. 

Draw a sciies of diagrams showing 
the condition of electrification of the 
rotl and parts of the electroscope 
diirfng each of the stages of this 
oxponinent 


Bounti 


Indnrtion.-When a 

body, charged electr i cal ly , is brought 
neai an insulated-oyknder, which is connected by a wire to 
an electroscope, the leaves diverge. On removing the wire 
with an insulator the leaves remain d iverg ent, that is, they 
have received an electric charge. 

If the charged body is now taken 
away the insulated cylinder, as 
well as the electroscope, is found 
to be charged. The charge on the 
cylinder is of the opposite kind 
to that originally used, while 
that of the electroscope is of the 
same kind. The mere nearness 
of the rod has caused a separ- 
ation in the cylinder of positive 
and negative electricity. This influence is called electxlc 
induction. 



Fig. 186 • 


Bound and free electric 
charges. 


If two insulated metal balls be placed in contact and a 
positive charge brought near them (Fig. 186), each will, if the 
balls are separated while under the influence of the positive 
charge, be found to be electrified, the nearer boll with negative 
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electricity, and the more remote positively. Brought into con- 
tact again all electrification of the balls disappeai's. 

The charges are not only opposite in kind but equal in 
amount. The action of the original charge, called the indugjU^ 
charge, may be thought of as being the separation of the 
electricities, attracting near to it and holding fast the opposite 
kind while repelling the like kind of electricity. 

The charging of a gold leaf electroscope by induction affords 
a good example of what happens When a negatively charged 
rod is brought near the disc (Fig. 185) induction takes place, 
positive electricity is drawn to the disc, while negative electricity 
is repelled to the leaves. The leaves, thus similarly charged, 
repel one another (Fig. 185). On now touching the disc with 
the hand all signs of electrification disappear and the leaves 
collapse. If now the hand is taken away and the charged rod 
removed, then the leaves once more diverge, this time with a 
po sitive cha rge. The repelled negative electruity \\aH alone free 
to escape, the positive charge being held tightly bound by the 
attraction of the negative charge of the rod. On removing the 
rod the positive charge became free also, sjiread to the lea\es 
and caused them to repel each other. The electroscope is now 
charged by induction. Tlie two kinds of ele(*tricity separated^ 
by an inducing charge are spoken of as bound and free, from 
their behaviour while under the influence of the charge. 


CHIEF POINTS OF CHAPTER XVIII. 

ProdncticiOJ^ldCtriflcation. — ^Many substances when rubbed with 
suitable material arc able to attract light bodies — they become 
electrified. 

Electrification is of two Icinds, vitreous and resinous, or better, 
positive and negative. These two kinds are always produced 
together in equal qu<intity. 

Attraction and repulsion. — Bodies charged with the same kind of 
electricity repel one another, those charged with opposite kinds, 
attract one another. 

Induction.— When a charged body is brought near an insulated 
conductor, the conductor is found to be charged ; the near side of 
the conductor having an opposite charge to that of the bodv, while 
the far side is similarly charged. The similar repelled oharge is 
said to be free, while the opposite attracted charge js bomd. 
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EXERCISES ON CHAPTER XVIII. 

1. How would yon prove that an electrified body is attracted by 
an unelcctrified body ? 

2. How would you prove to a class that there are two kinds of 
electricity ? 

.3. How would 3 ^ou prove that glass and silk when rubbed 
together are equally and oppositely charged? 

4. Having given a gold hnif olectro.scope and a piece of ebonite 
and cat’s skin, what experiments would you make to determine 
whether the electrical charge on a given charged insulated body 
was positive or negative? 

5. How would you show that a brass rod is capable of being elec- 
trified ? Explain why on rubbing a brass rod and a glass rod the 
latter only onlinarily appears to be electrified by the friction. 

6. The caps of two gold-lc^af electroscopes A and B are connected 
by a long wire, and a positively charged sphere is brought near A. 
What will be the indications of the electroscopes, and how will they 
alter if either A or B is touched ? 

7. Explain what is meant by electrostatic induction. 

Two small light pith palls are in contact, and are supported by 
separate threads. A cliarged glass rod is brought in the neighbour- 
hood of the balls. What will happen (a) wlien the threads are wet 
and conducting, (6) when they are dry and insulating ? 
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72. THE ELEGTBIC CURRENT. 

1 ■ , 

i. Fundamental experiments.— (a) Prepare some dilute sulphurio 
acid containing one part of strong acid to eight parts of water. 
First measure out the water into a laige beaker, and then gently 
pour the measured quantity of strong at^id into the water, keeping 
the latter briskly stirred with a glass stirring rod. Notice the 
large amount of heat generated and set the mixtura on one side 
to cool. 

(6) Plunge a strip of com mercial zin c into a beaker of cold dilute 
sulphurio acid prepared as in the last experiment. Notice the brisk 
ev^tidn'of gas which takes place. 

(c) Repeat the last exercise substituting first a rod of pure zinc 
and then a strip of copper. Observe that there is no chemical action 
in either case. 

(d) Place the rod of pure zinc and the strip of copper into the dilute 
acid, taking care that the two metals do not touch one another. No 
gas is given off from either metal. 

Now tilt the pieces of mebd towards one another until they touch 
outside the liquid. Observe that bubbles of gas appear on the copper 
plate. 

ii. — Prepare a plate of amalgamated zinc by^ 
dipping a plate of ordinary commercial zinc into dilute sulphuric acid, 
and, after it has been acted upon for a minute or two, rubbing some 
mercury completely over its surface with a piece of cloth. Repeat 
£xpt.72 i. (c), and observe that amalgamated zinc behaves just like 
pure zinc. 

ill. Magrnetic action of electric current. — (a) Into some dilute 
sulphuric acid contained in a beaker plunge a plate of amalgamated 
zinc and one of copper, to each of which a copper wire is attached 
by a suitable Procure an ordinary compass 

needle, and bring this up and try to arrange matters so that the 
wire in connection with the copper and zinc plates is parallel to 
the magnet and in the same vertical plane. Notice the deflection 
of the magnet. 
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{h) Wind a cot ton wir e which IS connected with the 
copper and zinc plates round a piece of ?m.l vaniKed i ron, as in 
Fig. 187. Notice that the piece of iron will attract ir on dtin^ s 







It. Polaxluitioii. — Repeat Expt. 72 ni. (a), and notice that after a 
time the force which the wire exerts over the magnetic needle 
hecomes fcehler. Ruh the coppc'r plate with a piece of wood until 
all the buhhles ot gas which LmI collected have disappeared, and 
notice that the power of the wire to deflect the magnetic needle is 
regained. 

The simple cell. — When a piece of commercial zim* is placed 
in dilute sul])huric acid, hubbies of gas escape from the liquid. 
This is an example of cha mic^ action The ziuc ceases to exist 
as zinc, while a new substance, the gas hydrogen, makes its 
appearance ((Jhap. XXV.). A rod of copper, or rods of pure, or 
amalgamated, zinc are unaffected by weak sulphuric acid ; con- 
sequently, on placing copper and zinc rods in the acid, without 
bringing them into contact, no effect is observed ; when the 
metals are made to touch — either inside or outside the liquid- 
bubbles of the gas hydrogen are lapidly given off fi’om the 
copper plate. This connection of the metals, therefore, seems 
to be an essential condition of activity in the cell . It is not 
necessary actually to make the metal plates touch. If they are 
connected by means of a wire outside the liquid the same effect 
takes place. 

If now a small magi mtic needle is brought near this wire, the 
wire is found to have acquired a new power. The needle is dis- 
turbed as though in the presence of another magnet. Similarly, 
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if the wire is wound round a piece of soft iron, such as a strip 
of galvanised iron, and its ends kept in contact with the metjils, 
the soft iron becomes a magnet under the influence of the 
wire connecting the copper and zinc plates. The wire is 
now said to have a current of electricity, or an electnc current, 
passing along it. The elec'tric current flows, outside the liquid, 
from the copper to the zinc The part of the copper plate 
outside the liquid, and with which the zinc plate is connected, 
is referred to as the posUdbKe-pele, and the part of the zinc plate^,, 
with which connection is made, is termed the neg ative pole. ' 
This apparatus for producing an electric current is knowi as a ^ 
simple voltaic cell. 

^ Polarisation — The electric cuiTont in the wire is neither 
perjaanent nor constant ; it wanes and hnally ceases Simul- 
taneously, the action in the licpiid is found to have ceased, and 
on examination the copper is found to be covered with adhering 
bubbles of gas. On brushing otf these bubbles, the chemical 
action in the cell recommence.s, and an electnc current again flows 
through the wire, which regains its ])ower of influencing a neigh- 
bouring magnet. The accujwilation of gas on the copper plate 
appears to choke the cell. This effect is called polarisation. A 
cell so impeded by the products of its own activity is said to be 
polarised 

The simple voltaic cell, on account of the defect of ])olai isation, 
is not of practical importance, "Ilie cells in common use get rid 
of the obstructing gas either by mechanical or chemical means. 
In cells depending on the first method the negative plate is 
roughened, thus facilitating the escape of the gas. Those m 
which chemical means are used are of many types. 


73. TIBBS OF VOLTAIC CELLS. 

i. BaqUU^ cell. — Examine the parts of a Danicll cell. Connect 
covered copper wires to the binding screws — one connected with 
the outer copper vessel, the other with the rod of zinc. To charge 
the cell proceed as follows ; Fill the inner vessel with dilute 
sulphuric acid, and then three parts fill the outer vessel witli copper 
solution. 

pi ii. Bunsen’s cdl. — Examine a Bunsen cell. Fit up and charge ut, 
and, m the same way as before, satisfy yourself that an electric 
current is circulating. Also notice that 'a small spskfk occurs when 



270 


LESSONS IN 8CIENO 



the ends of the two wires from the carbon and zinc poles are 
brought together and separated suddenly 

*>DaMellBC«lL — In most of the cells m which polarisation 
IS prevented by chemical means, there are two vessels one 
placed inside the other The inner one is made of p orous j 
earihanware which permits a slow passage through it of the 
liquids on either side of it In DanielPs cell the outer vessel is 
of copper and serves as the copper plate This outer vessel 
contains a solution of co pper sulp hate (blue v itriol), the strength 
of which IS maintained by placing some cr ysta ls of the same 
substance on a tray, which extends round the top of the inside 
of the copper vessel (Fig 188) The inner porous pot contains 



^ Fio 188 —A Danlell wll. Fia 189 —A Buxiseu cell. 

{ ^ ^ J 

dilut^ sulphuno. acid into which dips a rod of amalgamated 
zgpc In this cell the hydrogen which would otherwise be 


deposited on the copper vessel as in Expt 72 1 (cQ, acts on the 
copper sulphate and converts it into sulphuric acid, while the 
copper from the blue vitiiol is harmlessly deposited on the 


popper vessel 

j^Bt msea^s and Proves cells — The only difference between 
these two Inn^ of voltaic cells is that, whereas, in the former 


a piece of hard carbon replaces the copper plate, in the latter 
there is a plate of jdatiaum Owing to the cheapness of the 
carbon, Bunsen’s cell is the more commonly used 


In Bunsen’s ceil there ar| two separate vessels; the 
inner smaller one alone is porous and is filled with ^trong 
whmh the piece of caibcc^ dips* The 
jjgKpiriBii dilute siiifili,urie wud, aud m it » ptacedueiiie 
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plate, which is usually made cylindrical in shape. The arrange- 
ment of the parts is easily understood by a reference to Fig. 189. 

The hydrogen^estroying agent in both these cells is nitric 
acid. As soon as hydrogen is formed, instead of adhering to the 
platinum or carbon plate, it reacts with the nitric acid, giving 
rise to poisonous red fumes which escape into the air. 


74. MAGNETIC ACTION OF ELECTRIC CURRENTS. 

i. Magnetic field due to a current.— (a) Arrange the wire, which 
in Expt. 72 iii. (a) connects the plates of the voltaic cell, in a 
vertical position. Hold a 
compass needle at the side 
of the wire and then pro- 
ceed to move it slowly 
round the wire. Change 
the connections of the 
wire with the battery and 
try again. Record your 
observations. The needle 
always tends to set itself 
at right angles to the line 
joining its centre to the 
nearest part of the wire. 

(b) It a very strong 
current — say that from 
six quart Bunsen cells — 
is available, perform the 
following experiment : Be- 
fore connecting the vertical 
wire in the last experi- 
ment with the poles of the battery, thread on it a fairly large piece 
of cardboard through which a hole has been punched. Connect up 
the battery. Fix the card horizontally by means of a wooden 
universal joint, and sprinkle iron filings upon it. Gently tap the 
qard and observe and sketch the arrangement of the filings in the 
neighbourhood of the wire (Fig. 190). 

ii. An elflntrQ-magnet. — Bind covered copper wire around a 
h orse-sh oe, or a D -shaped piece of soft iron, so as to make an 
electro- magnet having opposite poles at the two ends (Fig. 192). 

Magnetic field due to a current.— Magnets placed in the 
neighbourhood of an electric current are influenced by it. 
Electric currents are surrounded by magnetic fields. The 
strength of such a magnetic field is found to depend on the 
strength of the electric current, and the direction of the lines 
of force to depend on the direction of the electric current. If a 
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small pivoted magnet is moved m tbe vicinity of a vertical wire 
along which an electric current is flowing, it will be noticed that 

the njedlealways tends 
to set itself at right 
angles to the line join 
mg its centre to the 
nearest part of the 
wire It has been 
shown already that a 
small magnet in a mag 
netic field always takes 
up a definite position 
along a line of force 
Expt 74 1 (h) shows that around a wire carrying a current the 
Imes of force are concentric circles with the wii e as the centre 
of the circles By passing the 
vertical wire through a hori 
zontal card on which are 
sprinkled iron filings the 
structure of the field of force 
IS clearly seen when the card 
IS tapped (Fig 190) A north 
pole introduced into such a 
magnetic field would circle 
continually round the wire 
carrying the electric current 
Electromagnets —A coil 
of wire conveying a current 
can act like a magnet On 
placing an iron core inside 
the coil, its magnetic strength 
IS greatly increased For the 
time being the iron becomes 
a magnet, and the magnetic 
power of the combination 
exceeds very much that of 
the current alone Such a combination is called sm eleetro* 
magnet (Fig 191) When the iron core is bent into the 
form a horse shoe, we have the horse shoe eleotro^magnot 
^Fl|^ 192) In winding this form of magneti care most be 




Fio 191 ^An electro magnet 
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taken that the ends of the horse shoe are of opposite polarity 
For Ufting purposes the horse shoe form of magnet is very 
effective 

By employing very soft iron, wrapping many turns of wire 
round the iron, and passing a strong current through the 
coil of wire, an electro magnet of enormous power may be 
constructed 

^^75 OALVANOMETEES 

i Direction in which a magnetic needle is deflected hy the electric 
current — (a) Using whichever kind of cell is most convement proceed 
to study the action of an electric current upon a compass needle 
placed in the magnetic meridian Stretch a piece of covered copper 
wire about a yard long between two universal lomts and arrange 
it m the magnetic meridian Name one end A the other B To 
each end of this wire attach binding screws of 
the pattern shown in Fig 193 Put an ordinary 
compass needle under the wire and let the 
needle come to rest it will of course in the 
circumstances be parallel to the wire Connect 
the wires from a single voltaic cell with the yiq 198 —A binding 
binding screws attached to the wire AB Notice screw 

and lecord the direction in which the marked 
end of the magnetic needle is deflected Disconnect the wires from 
the battery and reverse the connection with the wire AB Observe 
that the marked end of the needle is now deflected in the opposite 
direction 

(6) Repeat the exercise this time arranging the magnetic needle 
above the support Notice and record the way in which the needle 
IS deflected Connect the wires in the second way described m the 
last experiment and again observe and record the direction m which 
the needle is deflected 

Make a table of the results 


DmSOTION IN WHICH DIRECTION OF DEFLECTION 

Current flows along Position of Needle of marked end of Needle 
WIRE AB VIEWED from ABOVE 


below 


(c) Place the compass needle in the magnetic mendian as b^lorci 
and connect ihe terminals of the voltaic cell with the copper we 
AB Observe and reocrird the direction in which the porth end of the^ 
3k8»X. a 


From A to B 








m 


LESSONS IN SCIENCE 


needle moves for the four following oases with the wire vertioal r 
(i ) near north end and current running down (ii ) near north end 
and current running up (in ) near south end ar«J current running 

down (iv ) near south end 
and current running up 
Remember that the current 
flows from the carbon or 
copper outside the cell 
ii Principle of the galva 
nometer —Support the com 
pass needle on a piece of 
cardboard held horizontally 
in a clamp now bend the 
wire AB that the needle 
can be arranged in the loop 
of wire formed (Fig 194) 

Fio 194 —Principle of the galvanometer Arrange the loop of wire and 

the needle in the magnetic 
meridian pass the electric current and notice the amount of 
defection of the needle 

(e) Now coil the wire so that there are two lengths above and 
below the needle and repeat the previous experiment The deflec 
tion of the needle is greater than before This experiment illustrates 
the principle of construction of the gcUvanorneter 

Ampere’s rule — It is often desirable to know in what direc 
tion to expect the deflection of a magnet which is being influenced 
by an electric current pass 
ing along a wire or, from 
the magnetos movement to 
determine the direction of 
flow of the electric current 
By placing a wire carrying 
an electric current in various 
positions near a suspended 
compass needle a simple re 
lation IS discovered between 
the direction of movement 
of the marked pole and 
the direction of the current 
Amphre’s mle. One of the most convenient ways of expressing 
the rule IS to say If the Angers of the right hand are made to 
point along the direction of the current when the palm of the 
haiKil faces the magnet pole, the outstretched thumb will 
indicate the direction in which the marked or nmrtli pole tends 
to move (Kg 19§) 



The statement of it is known as 
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Oalvaaometers — To detect an electric current, use is made of 
the fact that it can deflect a magnetic needle in its immediate 
neighbourhood *When the direction of the deflection can be 
observed easily, and the amount of such deflection bears a 
definite relation to the strength of the electric current causing 
It, the instrument is called a galvanometer Fig 196 represents 
a simple ^jpe of such instrument On applying Ampfere^s rule 
to each part of each turn of the wire it is found that in a 
galvanometer the tendency is everywhere to move the magnet 
pole in the same direction The effects, too, are added together 
in the instrument so that even a weak current may make itself 
apparent With the same current the deflection shown by the 
galvanometer is greater as the number of turns of wire is 




Fia 196 —A simple galvanometer The short compass needle has a light 
pointer fixed at right angles to it 

increased To use the instrument it is so arranged that the 
electric current, the direction and strength of which it is 
desired to measure, passes through the coil of wire round the 
needle The current enters by one terminal, flows round the 
^il, and leaves by the other terminal The coil itself is always 
kept in the magnetic meridian parallel to the direction of the 
undisturbed needle On the passage of the current the needle is^ 
turned out of its normal position From the magnitude of the 
angle of deflection of the needle the strength of the current can 
be calculated, if certain facts about the instrument are knowh 
If the magnetic force tending to hold the needle m the mag 
netic mendian is increased, a stronger electnc current mil be 
required to produce the same deflection of the needle ae befine 
IThe g^anometer, m oth4r ^ords, will have become lees senee 
tive This state of af^rs is sometimee teq^vsA 'llie 
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magnetic field can be aided, in such circumstances by placing a 
bar magnet in the magnetic meridian, with its marked or North 
pole pointing North, so that the South end attracts the North 

pole of the galvanometer needle 
The galvanometer needle under the 
influence of this combined field is 
less easily deflected and is suited 
now to respond to currents of 
increased strength 

If the galvanometer coil is used 
in an East and West position the 
passage of a current will probably 
leave the magnetic needle undis 
turbed The newly created mag 
netic field due to the current will, 
m this case either be in the same 
direction as that of the earth or 
exactly opposed to it If the first 
state of affairs holds good the 
magnet is simply confirmed in its 
normal position while if the second 
set of conditions obtain, the needle 
may swing round completely, so 
that its marked end now points 
south 

The mirror galvanometer — 

When an instrument is required 
to detect very weak currents or 
currents of short duration, a 
mirror galvanometer is employedi. 
The principle of this instrument is 
th^ same as that of the simple gal 
i 97 ~.Aminorgaiyanometor vanometer It owes its great sen 
sitiveness to a number of different 
causes The small magnet or magnets, are attached to a tiny 
mirror, and are dehcatdy hung by a silk fibre in the centre of 
a large coil of many turns of ^ire The imrror le made tp 
reflect the image of a wire on to a horizontal scale, and any 
disturbance of the needle oapses a magnified movement of 
Image of JJhe wire on a <{> $161 The image of the wh#. 
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can be adjusted, and the scnaitiveness of the instrument 
altered, by means of a directing magnet sliding in a vertical 
rod (Fig. 197). * 


76. ELECTRICAL RESISTANCE. 

i. Electrical resistance. — Connect one pole of a Bunsen’s cell 
with one cjf the hinding serew.s of a galvanometer. Join the other 
binding seiew <if the g.ilvanonioter and the otlo'r pole of the batter^'’ 
with a yaid ot tine Cierniaii-silvei wiie. Notice the amount of 
deflection of the juiiiiter Substitute a yaid ot thinner C erma n- 
BilytH' wire for the tlist jneee, and again notice the deflection. It 
will ho much less Similarly eompaie the electiioal i csistaiices of 
pieces of thick and thin eopjKM* wiie 

ii. Heat produced by the current. — Coinu'ct tiie poles of a strong 
battery to the ends of a shoit fine jilatmuni wire. The platinum 
rapidly becomes red liot. If silver wire of the same diameter lie 
substituted for the platinum the heat noticed is practically nothing 

Diff erenc e of potential or electro-motive^-force.— A wire" 
coimeetiiig the poles of a Bunsen or other cell is said to liave an 
electi n' current flowing along it. The use of such words as 
“flow” and “current” ;ivill proliably suggest previous facts 
which tho student has learnt. Ft has been seen that a flow of 
heat takes place from a body of high temperature to one of low 
temperature when the bodies aio jilaced in contact, and that 
such flow continues until both bodies are of the same tempera- 
ture. Similarly, there is a flow of water from one vessel to 
another, when tliey are connected, if the level of the water in 
one vessel is higher than in the other. Hence we are face 
to face with tho (question. What ditt'eience is there between 
the poles of a cell which causes the condition of things called 
J;he electric current? Tlie name given to the ditteience of 
condition in the yilates of the battery wliich corresponds to 
temperature and water-level is difference of potential. The 
electric current continues to flow along the copper wire until 
the potential of the two plates becomes the same ; then the 
current ceases. 

There is another way of regarding the flow of electricity. It 
has been seen that matter requires a force to move it or to 
change its motion It is customary also to speak of the force 
which causes the flow of electricity. Regarding the cause of 
the electric current as a force, it is generally spoken of as 
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dlectro-motive force — that is, the force which tends to cause 
a movement of electricity. The cause of the electric current 
is then spoken of either as a difference of iK)tential or as an 
electro-motiye force, often written E.M.F. 

Forces of two kinds have now boon* mentioned, and these 
should be carefully distinguished ; one is a matter-moving or 
matter- motive force, the other is an electricity-moving or 
electro-motive force. 

If several different voltaic cells are made in succession to 
send a current through the same galvanometer, the amount 
of current sent will vary in each case. Each cell urges the 
current in a different degree. The cells differ in electro-motive 
force. 

Cause of the electric current.— The difference of potential 
between the poles of a battery which causes the flow of elec- 
tricity is maintained by the solution of the zinc in the acid. 
Or, expressed in terms of energy, the work of maintaining 
the current is performed by the solution of the zinc. This 
is similar to the maintenance of the work done by a steam- 
engine by the burning of the coal in the furnace. It is for 
this reason that the zinc decreases in weight after the electric 
current has flowed for some time along the wires joining the 
poles of a voltaic cell. 

Electrical resistance. — Not only does electricity, like matter, 
require a force to move it, but its motion, like that of matter, 
may be impeded and stopped. Bodies which allow electricity 
to flow along them are called conductors (p 263). Sub- 
stances differ greatly in their capacity to conduct electricity. 
All conductors, however, offer some resistance to the passage 
of an electric current. If two jicifectly similar cells are used to, 
send electric currents through wires of the same substance and 
length, but of different diametei*s, the current through the 
thicker wire will be the greater. The thinner wire offers a 
greater resistance. With the same E.M.F. a weaker current 
flows through a long wire than through a short one. There is a 
good analogy between the flow of electricity along conductors 
and the flow of liquids through tubes. With the same pressure 
urging it, water flows in greater quantity through a wide 
tube than through a narrow, and the resistance to its flow is 
less in a short than in a long one. 
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Different substances lesist the passage of an electric current 
in different degrees. Through some, the electro-motive force 
can barely force flie current at all, wliile througli others it flows 
with considerable strength. 

Referring again to the analogy of the passage of an electric 
current througli a wire and the flow of li(][uids through tubes, 
the substance of high lesistance would be rejireaeiited by a 
tube corroded and choked with diit, whde the good conductor 
corresponds to a clean tube permitting an unintcirupted flow of 
liquid. 

Heating of wire by the electric current. —The quantity of 
heat produced in the wire de))euds iqion the resistance of the 
wire, the strength of the current aiul upon the time during 
which the current passes. 'Jlie quantity of h(‘at jiroduced in 
a wire may be measui cd by twisting it into a spiial and placing 
it in a test tube containing a known weiglit of water and a 
thermometer. 

A very familiar instance of the heat produced by a current is 
the glow lamp, the carbon of which ofiers very considerable 
resistance and consequently becomes icd hoi. 


CHIEF POINTS OF CHAPTER XIX. 

The simple cell. — When plates of copiK^r and zinc, imnieised in 
dilute sulphuric acid, are comieetcd outside the liquid by a wire, 
bubbles of hydrogen are given off at the ccqiper plate and the wire 
acquires the property ot iiifluencing a magnetic needle. 

Alter use, the accumulation ot gas on the copper plate causes 
polarisation and stops the current. 

In Darnell’s, Glove's, and Bunsen’s cells this defect is remedied, 

A coil of wiie conveying a cm rent is found to act in every 
•essential like a magnet. 

The electro-magnet.— When a coil ot wire conv(*ying a current 
is supplied with a soft iron core its nidgnetic power is greatly 
strengthened. Such a combination is ealh'd an electro magiiet. 
Electro- magnets are of varied shajies . bar, lioise-shoe, or closed 
ring 

A galvanometer is an instrument for detecting and measuring an 
electric current. 

Difference of potential causes the flow of the electric current 
through conductors. It is produced in voltaic cells by electro- 
motive force (often abbreviated K.M.F.). 

The electrical resistance of a substance is its property of hindering 
the flow of electricity through it, 
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EXERCISES ON CHAPTER XIX. 

1. Explain the cause of Polarisatioiiy and describe the chief 
methods of preventing it. 

2. Two compass needles are arranged near each other so that both 
point along the same straight line. A wire connecting the platinum 
and zinc ends of the battery is stretched vertically half-way between 
the needles. How will the current in the wire ailed the needles, 
and how will the result depend upon whether the platinum terminal 
is connected with the upper or lower end of the wire reapeotively ? 

3. What are the materials used in the construction of a Daniell 
cell ? and what chemical changes occur in the cell when in action ? 

4. A plate of pure zinc, and a plate of copper, are dipped into 
dilute sulphuric acid, and then connected by copper wire. What 
changes take place in the plates, wire, and acid, when the circuit is 
complete ? 

5. When a galvanic cell, consisting of zinc and copper plates 
immersed in dilute sulphuric acid, has its terminals joined by a 
wire, the E. M. V. rapidly decreases. How do you account for this ? 
Describe a cell designecl to prevent this decrease in E.M.F., and 
explain how it acts. 

d. A long straight wire is stretched on a table in the direction of 
the magnetic mcjridian, and a dip circle, with its plane parallel to 
the magnetic meridian, is placed on the table near to the wire and 
on the west side of it. Will the dip of the needle be altered when 
an electric current is passed along the wire from south to north, 
and, if so, how? Give reasons. 

7. A straight horizontal wire is placed near and parallel to a com- 
pass needle, and in the same horizontal plane with it. If a current 
is then passed through the wire, what eflect is produced rm the 
needle, and what occurs if the wire is (i.) sliglitly raised, (ii.) 
slightly lowered ? 

8. Describe a simple experiment by which it may be proved tliat 
a long wire has electrical resistance. 
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CHEMICAL CHANGE INDUCED BY THE 
ELECTJRIC CUERENT. 

77. ELECTROLYSIS. 

i. The passage of the electric current through liquids. — Fit up a 

Bunsen’s cell for the generation of an electric current. Attach 
pieces of platinum foil, by means of suitable binding screws, to the 
ends of tw'o copper wires. Athich one of these wires to one pole 
of the battery. Connect the other pole to one of the binding screws 
of a simple galvanoseope, and to thcj other screw of the galvanoscope 
attach the remaining wire with the platinum plate on the end {see, 
Fig. 199). Dip the platinum plates — 1st, into some mercury, and 
notice there is a groat deflection of the needle of tlw^ galvanoscope 
and no alteration of the mercury ; 2nd, into some turpentine, and 
notice there is no deflection of thtJ needle ; 3rd, into some acidulated 
water, and notice there is a smaller deflection than in the first case, 
and at the same time there are bubbles of gas given off from botli 
platinum plates. 

ii. Electrolysis of copper sulphate.— (a) Make a strong solution 
of copper sulphate (blue vitriol) in water. Pour some into a 
beaker. Dip two platinum plates connected by copper wires, as 
previously described, into the solution and notice that after a few 
minutes a deposit of copper is found on the kathode^ or plate 
connected with the negative pole, and that bubbles of gas (which if 
Qollcctcd and tested arc found to l)e (jxygen) are seen to rise 
from the aiiode, or plate connected with the positive pole. 

{h) Arrange the apparatus as described in Experiment 77 i, sub- 
stituting copper plates for the platinum ones there used, and weigh 
the copper electrodes before passing the current. After the current 
has passed for, say, ten minutes, break the circuit and weigh the 
electrodes again. Notice the anode has lost in weight by a certain 
amount, and that the kathode has increased in weight by tJie same 
amount. There is no evolution of oxygen. 

There is a continual withdrawal of metallic copper from the 
solution by the passage of the electric current, and the liquid is 
gradually converted into sulphuric acid. This can be demonstrated 
by its effect on a piece of blue litmus paper. 
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The passage of the electric current through liquids.--* 
Ist Case. Passage of the current through mercury. — The student 
will learn shortly tliat mercury is one of the dnemical elements, 
and that it is so regarded because it can be decomposed 
neither by the passage of an electric current nor by any 
other known methods. The great deflection of the needle of 
the galvanoscope reveals the fact that a considerable current 
passes through its coil of wire, hence we say that mercury is 
a good conductor of the electnc current, or expressing the 
same truth in other words, that it offers very little resistance to 
the flow of the current. 

Similarly, it would be found that other metals, when in the 
liquid condition, which they can assume if the temperature is 
raised sufficiently, ai*e also good conductors of the electric 
current. 

2nd Case. Passage of the current through turpentine. — 'L'hcre 
is in this cfise no deflection of the needle of the galvanoscope ; 
it is therefore evident that no current passes through the coil 
of wire round the needle, and since the battery is arranged 
precisely as in the experiment with the mercury, the explana- 
tion must be that the turpentine prevents the flow of the 
electric current round the circuit. Turpentine is consequently 
known as a non-conductor, a class of bodies which also includes 
such liquids as petroleum and other oils. 

3rd Case. Passage of the current through acidulated water. — 
Here we have the current conducted and the liquid decomposed 
by the passage of the current. This is the condition of things 
in all liquid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and we 
shall have to study this case more fully. ^ 

Electrolysis of water. — Pure water is a very bad conductor 
of the electric current, and hence it is necessary to add a drop 
or two of acid to make it conduct. To understand exactly the 
result of the passage of the electric current, some means must 
be devised by which the gases which appear at the platinum 
plates can be collected. Such an arrangement constitutes what 
is known as a voltameter. A convenient pattern to use for the 
decomposition of water consists (Fig. 198) of a glass vessel in 
the bottom of which are fixed two slips of platinum connected, 
bjr means of copper wires, with two binding screws, before 
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connecting the binding screws with the poles of a battery, 
acuiiilatad water is poured into the vessel, and two glass tubes 
of exactly equal*aize and carefully divided into equal volumes 
by divisions etched on the glass, are completely filled with 
acidulated water and inverted over the platinum plates, as 
shown m the illustration When the binding screws are con 
nected with the poles of a battery, consisting of two or three 
Bunsen’s cells, bubbles of gas are seen immediately to appear on 
the platinum plates and in a few minutes it will be observed 
that a quantity of gas has collected in each tube If we 



allow the electric current to pass round the circuit for 16 
or 20 minutes and then measure the volume of the gas 
which has collected in each tube, it will be found that the 
tube over the platinum plate which is connected with the zinc 
pole of the battery contoins twice as much gas as that over 
the plate connected with the carbon pole Moreover, if the 
bottom of the tube containing the larger amount of gas be 
covered with the thumb and the tube be lifted out of the 
liquid, inveited, and a light applied to the gas, it will be 
found to burn, showing it to be hydrogen (dmp XXT)* 
Similarly, if a glowing splinter of wood be plunged into the 
other gas it will be rekindled, showing it to be oxygen 
we see that the paeaage of a suffimently etroiig eleetno omMal 
through ^eter causes it to be decomposed Into hydrepn 
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oxygen, and that twice as much hydrogen by volume as oxygen 
IS formed. Or, 

^ decomposed by thel Hydrogen ^ Oxygen 

ATKR ^ current into / [2 vols.] [1 voL] 

Terms used in describing electrolysis.— It is customary in 
speaking of the decompositions effected by the electric current 
to use certain terms originally adopted by Faraday. The liquid 
which conducts the electric curi’ent, and is itself decomposed, is 
known as the electrolyte ; the platinum plates in the voltameter 
described, or, generally speaking, the ends of the wires coming 
from the poles of the battery, are called electrodes. Names are 



Fia. 199. -'Current passing through galvanoscupe and an electrolyte. 

given to each of these to distinguish them. That by means of 
which the current enters the electrolyte, or what is the same 
thing, the electrode m connection with tho carbon pole of a 
Bunsen's battery, or the positive ( + ) pole of any battery, is 
called the ajjojle. The electrode by means of which the electric 
current leaves the electrolyte or that in connection with the^ 
zinc or negative (-) pole of the battery, is called the kathode; 
The atoms into winch the molecules of the electrolyte are 
decomposed are referred to as ions. Evidently the ions are 
invisible during their passage through the electrolyte. Those 
ions which collect at the anode are spoken of as anioxiB, those 
collecting at the kathode are called kathions. It will be clear tj 
the reader that the direction in which the kathions move through 
the liquid is that which we have spoken of as the direction of thi 
current, namely, from the anode to the kathode (Fig. 199). 
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The g^alyanoscope is a convenient apparatus for recognizing the 
passage of an electric current. 

The passagre of the electric current through liquids. — 

{a) Liquid metals conduct the current without being decomposed. 
{b) Certain liquids, like ti mpe ntiffe, will not conduct the electric 
current and are consequently not decomposed by it. 

(r) Compound liquids, which, like acidulated water, conduct the 
electric curnuit, are decomiM)S(jd by its passage. 

Electrolysis is the t(jrm used to refer to condition (c) above. It 
means the process by which electric currents j>ass through compound 
liquids and so caust^ them to be deeomjK)st;d. The liquid which 
conducts the electric cuirent and is itself decomposed is know’ii as 
the electrol3rte. 

The ends of the wires coming from the poles of the battery are 
called electrodes, that by which the current enters the electrolyte 
is known as the anode, that by which it leaves the kathode. 

The atoms into whicli the electrolyte is decomposed lire called ions. 
The ions which collect at the anode are the anions ; those which 
collect at the kathode the kathions. 


Electrolysis of water. - 

w /is decomposed by the\ Hydrogkn 
WAT ^ \ electric current into / [2 vols.] 


and 


Oxygen 
[I V 0 I.J 


QUESTIONS ON CHAPTER XX. 

1. Describe fully what takes place when each of the following 
liquids is included in a circuit round which a strong electric current 
is circulating : — 

{a) Liquid mercury. 

(h) Petroleum. 

(c) Acidulated water. 

• 2. Wliat means would you adopt to recognise the passage of an 
electric current through a wire ? 

3. What do you understand by electrolyBis ? Give an account of 
the electrolysis of water. 

4. Explain the terms : — electrolyte, aiKxle, kathode, ion. 

5. What happens precisely when an electric current is passed 
through a solution of copper sulphate in water ? 
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78. CO-ORDINATES. LOOI. 

1. Elotting points.— ((x) Txansfer the points a, 6, c, d, e from 
Pig. 200 to squared paper. Take two dark lines as the axes ox, oy, 

and use the sides of the small 



. Pio. 200.— For Expt. 78, i. a. 


(ft) Use two of the thick lines ( 
take the side of a small square 
positions of the following points. 


squares as the unit of length. 
The lines ox and oy are called 
the axes of x and of y respec- 
tively. The distance of a point 
from the line oy is called its 
abscissa and the distance from 
ox is called its ordinate. Read 
off the abscissae and ordinates of 
each point thus : 

AbRciasa. Ordinate. 
a - - 2 6 

ft - - .5 8 

c - - 6 4 

d - - 12 9 

c - - 17 6 

m a sheet of squared paper as axes*; 
as the unit of length. Mark the 



Abscissa. 

Ordinate. 


Abscissa. 

Ordinate. 

<•) 

8 

4 

(^^5) 

16 

8 

(2) 

10 

5 

(6) 

18 

9 

(3) 

12 

6 

(7) 

20 

10 

(4) 

14 

7 

(8) 

22 

11 


it Plotting lock— (a) As before, take two dark lines on the 
squared paper at right angles to one another to represent' the axes 
wof a? and y. Mark in succession the points having both their 
abscissae and ordinates equal to 1, 2, 3, 4, 5, etc., and join these 
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points by a hne OP (Fig. 201). The line OP is called the locm of 
all points which have their abscissae and ordinati'S equal. 

(b) Find the lociis of all 

points the abscissae and or- •• ” 

dinates of which, added 
together, always ecjual 12 
units of length. Take a suc- 
cession of values for the 
abscissa and calculate the 
corresponding value of the 
ordinate, thus : 



Plot these points on squared paper as before (Fig. 202). 

(c) Find the locus of the {Kunts the abscissae and ordinates of 
which when multiplied together equal 24. Take, as before, a 
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UnU ofUngth 

Pio. 202.— Locus determined in Bxpt. 78. li. h. 

succession of values for the abscissae, and calculate the values of 
the ordinates, thus, 1-24, 2-12, 3-8, etc. Find by plotting on 
squared paper the locus of these points. 
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Co-ordinates. — Suppose it was necessary for some reason to 
define exactly the position of any letter on this page of print ; 
the first letter for example, in the ninth line from the 
bottom. How could wo do it 'i 

One way would be to count the number of lines from the 
bottom line of print, and the number of letters along the line 
itself from the outside edge of the print. This would really 
amount to measuring two lengths at light angles to one another. 
The two lines at right angles from which the measurements are 
made being the bottom line of print and the outside margin of 
the lines of print. 

Any two such lines at right angles, from which measurements 
of this kind are made, are known as the axes, the horizontal line 
being generally called the axis of x, and the vertical line the 
axis of y. The point where the axes intersect is called the 
origixL Distances along the axis of a; are abscissae (singular, 
ahscusa\ distances along the axis of y are called ordinates. The 
abscissa and ordinate of a point are together spoken of as the 
co-ordinates of the point. 

Meaning of loci. — Notice in Experiment 78 i. (6) that every 
abscissa is twice the corresponding ordinate. Observe that if you 
join the points (1) and (2) with a straight line, this will, if con- 
tinued, pass through each of the other six points. Similarly, the 
line continued would pass through all points the abscissa of which 
was twice the corresponding ordinate. This is expressed by 
saying that the straight line you have drawn is the locus of 
all points the abscissae of which are twice the ordinates. 
Similarly, the locus of points having their abscissae and 
ordinates equal is also a straight line. 

The locus of points which all satisfy some given condition is 
not necessarily a straight line. 



GRAPHIC REPRESENTATION 


289 


79. SYMBOLIC BEPBESENTATION OP A LOCUS. 
aBAPHIC DIAGBAMS. 

1. Tlie equatioxL of a curve, —(a) In the e<][uation a?y — 30 find the 
values of which correspond to y-1, = etc Take the values 

of a? as abscissae and tliose of y as oidinates and plot the locus of 
the equation, that is, find the cuive M’^hieli joins the points thus 
obtained. 

(h) Find equations which will represent the lines AB, CD, m 
Fig. 203. 

(r) Obtain the locus of tlio equation jc + y = 30 

(d) Find where the curve x-y—2 cuts the axes. 



y 

\ 


y 


c 


A B 






0 

“o 

X o 

1 oc 


Fig. 20S. 


ii. Representation of yar3ring’ quantities. — Construct graphic 
diagrams for the following cases, the number ot passengers or of 
the population being taken as ordinates placed at convenient and 
equal distances apart. 

(a) The number of 3rd class passengers by a certain popular train 
throughout a week : 


Passengora 

Monday, - - 250 

Tuesday, - - 215 

Wednesday, - - 190 


Passengers 

Thursday, - - 220 

Friday, - - 185 

Saturday, - - 235 


J6) The approximate population of Blackburn at the census of the 
following years is given in the table. As iii previous exercises plot 
these numbers on squared pap'r. Join the points so obtained, and 
from the resulting locus rood off what you would expect the popula- 
tion to be in 1846, 1866, 1866, 1876, and 1896. 


Tear. 

Population 

Year. 

Population. 

1841 

;16,600 

mm 

76,300 

1851 

46,500 


104,000 

1861 

63,100 

m 

120,100 


l^S. T. 


T 
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(c) Repeat the preceding exorcise, using the populations of the 
parish of St. Mary, Newington, London, S. K. 


Ykar 

Population 

YfcAR 

Population. 

1841 

54,700 

1871 

88,900 

mi 

64,800 

1881 

107,800 

1801 

82,200 

1891 

115,700 


Symbolic representation of a locus.-— instead of giving 
different values for the abscissae of points as we have done 
in the ])revious exercises, a general expression may be used for 
them all, aueli as.r. That is, let a* stand for the distance from the 
axis of u measured along or parallel to the axis of r Ilow shall 
we represent eacih of the loci we have plotted ^ Lot y stand for 
the distance of any point on the locus from the axis of x measured 
along or parallel to tlie axis of y. We proceed as follows 

To find the locus of points the abscissae of which are twice 
the ordinates. The abscissae aie lepreseiited by .v, the ordinates 
by y. By the terms of the problem .r is always twice as great 
as or, J7=2y, is an e([uation which stands for the lino ])lotted 
in Experiment 78 i. (/;). 

To find the locus of all points the aliseissae and ordinates 
of which are equal. Here, as the student will at once see from 
Fig. 201, the equation is x~y. 

The equation of the curve obtained in Experiment 78 ii. (c) is 
d?y=24. Notice carefully the kind of curve which corresponds 
to this equation. 

Graphic diagrams. — Newsixqjer records of thermometer and 
barometer readings are often made on ruled pajier, the actual 
mode depending upon tlie particular newspaper. In every case 
the changes of reading from day to day ai’e shown by a wavy 
line joining the tops of ordinates placed at equal distances 
apart. Tliis mode of exhibiting a variable quantity has certain 
advantages over a list of figures. The steepness of the line 
joining two ordinates indicates very cleai ly the rate at which 
the values change. The grapliic method of exhibiting the 
results of experiments is of frequent use in the laboratory. 

Instances in which it is employed with advantage are the 
results obtained by stretching a piece of india-rubber or an 
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elastic spring, bending a lath, in experiments with levers, or 
on fluid pressure^ etc. 

Graphic representation of a series of results will enable us 
sometimes to discover a law, or will frequently show whether a 
supposed law accurately represents the facts of an experiment. 
Thus, if the results obtained in Experiments i. and ii. on Boyle’s 
Law (p. 1 14) be plotted, a smooth curve as shown in Fig. 204 will 
be obtained. The points in Fig. 204 correspond to the following 
results : 


Prkssurrs 
( in cm. of Mercury). 

Volumes 

(in C.C.). 

Pressures 
( in cm. of Mercury). 

Volumes 

(in C.C.). 

105 0 

• 7.7 

67-3 

120 

90*8 

8*8 

57-3 

15-9 

77*9 

10-2 




Plot your own values in this way. 

Join in the points so located on your squared paper with 
a fine pencil mark. If this continuous line does not form a 
smooth curve, if, for instance, one point is a long way out, 
it will probably mean you have made a mistake in your reading 
of pressure or volume. If the fine pencil maik is only slightly 



Fig. 204.— Graphic reprcf»oiitation of Boyle's law. 


irregular, then the irregulai'ities show you the departure from 
strict accuracy of which you have been guilty in your experi- 
ments. In this case sketch in a smooth curve which shall have^ 
as many of the points on one side of it as on the other. Such a 
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curve represents the way in which pressure and volume vary 
together when the temperature remains constant. 

Moreover, since volume x pressure always gives the same 
product, we can say that the equation 

p X v=»omG constant number 
repi'esents the smooth curve we have obtained. 

Solubility Curves. — An interesting and impoiliant ap))lication 
of graphic representation is to show easily how the solubility of 
a solid in a liquid varies with the temperature. Thus, Fig. 20.5 
shows the number of grams of the three solids, nitie, common 
salt, and chlorate of potash, which will dissolve in 100 grams of 
water at ditfereiit temperatures. The degrees on a Centigrade 
thermometer are marked along the bottom horizontal line, and 
the length of the side of one square represents five degrees. 



The number of grams of solid which the 100 grains of water 
contain is read off from the scale on the left-hand of the 
diagram. The length of the side of one square represents five 
.grams of dissolved solid. Thus, a reference to Fig. 205 shows 
that 100 grams of water dissolve at 0® C 12 J grams of nitre. 
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At 5“ C. 100 grams of water dissolve 15 grams of nitre. 


10*0. 

»» 

»> 

20 

99 

15“ C. 

• 

n 

25 

99 

20“ C. 



32 

99 

25“ C. 

>» 

9 ) 


99 

30“ C. 


n 

45 

99 

35“ a 


99 

55 

99 

40“ C 

n 

99 

64 

99 

45“ C;. 


99 

75 

99 

50“ 0. 


99 

m 

99 

55“ C. 

j? 

99 

100 

99 


We could read* off the amounts of common salt and chlorate 
of potash dissolved in 100 grams of water at different tem- 
peratures in just the same manner. 

But when we have several solubility curves together in this 
way, we can very easily compare the solubility of the different 
solids together. We see, for instance, that the amount of nitre 
which will dissolve in 100 grams of water increases very rapidly 
as the temperature rises, as the steepness of this particular 
curve shows. The amount of common salt which 100 grams of 
water will dissolve increases very little as the temperature 
rises The curve is almost a horizontal line, for while at O^O. 
about 36 grains are dissolved by 100 grama of water, at 100° C. 
the amount m solution is only 38 grams. 


CHIEF POINTS OF CHAPTER XXI. 

Co-ordinates. The position of a point on squared paper is fixed 
• by its distances from the co-ordinate axes. Distances measured 
along ox are represented by x and are called abuciKi^ae ; those 
measured along oy are represented by y and are called ordinafea 

The locus of a point is the curve ’ which indicates the various 
positions of a point of which the abscissae and orclindtos are related 
m some definite manner. 

The equation of a curve represents the fixed relationship bet'ween 
the abscissae and the ordinates of all points in the curve. 

Oraphic representation of vaiTing quantities is employed to make 
clear the rate of rise or fall in the value of the quantities. 

Oraphio diagrams are used to exhibit the results of experiments 
in which two quantities are being compared. The form of the 
curve obtained indicates the relationship between the two quantitiea 
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The curve for results in experiments on pressures and volumes of a 
certain ijuantity of air at constant temperature indicates by its 
shape that /)?> = constant is the equation expressiivj the relationship 
stated in Boyle’s law. 


EXERCISES ON CHAPTER XXI. 

1. Plot the curve of which the equation is x-\ y=3. 

2. What lines are represented by the following equations? 

x=:(). I a:y = 120(). 

an-?/ — 5. 1 x-y=^0. 

3. Suggest a use for tlie graphic representation of the experi- 
mental results from stretching a piece of india-rubber. 

4. What do you understand by the terms axes of a;, co-ordinatesi, 
abscissa, locus, equation of a curve ? 

fl. In comparing the readings of two thermometers what use 
could be made of squared paper ? 

6. With inches as ordinates and ccntimetrcjs as abscissae, construct 
a diagram to show th(5 relation between inches and centimetres up 
to a length of 20 centimetres. 

7. Use the following nu mixers to construct a- diagram showing tho 
relation between lbs. and kilograms : 

lbs. kilos. lbs. kilos. 

2 0-9 6 2-7 

4 1-8 8 3-6 

8. Taking the value of a rupee to be 15 pence, construct a 
diagram to show the relationship between shillings and rupees. 
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INTRODUCTORY. SIMPLE CUEMICAL OPERATIONS. 

7^ ; * * 80. INTRODUOTOEY. 

« Physical and chemical changes.— Matter is subject to two 
kinds of change. Hitlierto we have l>een chielly concerned 
witli those wliich influence the properties of matter, leaving its 
composition unaltered. It has been seen that a body, suc.h as a.. 
piece of iron, may gradually increase in temperature, changing 
fro!ii cold iron to hot, and, becoming hottci* and hottci*, may 
change in colour, passing from a dull gray to red, and from 
red to almost white, becoming incandescent and emitting 
light rays. But if left to itself the iron will begin to cool, 
passing through the same changes in th(j reverse order until 
it reassumes precisely the former condition ; and in all these 
changes the weight of tlie ii’on remains unaltered. Or, again, 
we miglit take a piece of soft iron, and, having wound silk- 
covered copper wire round it sevei-al times, pass an electric 
cniTent through the wire. It would be found, on examining 
tlie iron, that new properties had been imparted to it, that it 
•was now able to pick up othei* pieces of iron, or had become 
magnetised. If the electric current be discontinued, the new 
power, too, disappears. (Such changes as these, w here th e 
stibstanco or con ij^isi tioii thfi..badi:...maaiaa . 

^own as piiyafyAi cha.iurpB. On the other hand, if a piece of 
iron be left exposed to damp air for some hours it becomes 
covered with a reddish-brown powdei*, whicli the most superficial 
examination will show is a different substance from the iron with 
which we started. There is a very large number of changes 
pf the same kind as this continually taking place around uq, 

^^5 
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When gunpowder explodes, we have an abundance of smoke 
formed and a black residue left behind, and it is easy to see 
that the smoke and deposit are quite unlike the gunpowder 
before the flash. Such changes as these are called chemical 
changes. It is with changes of the second kind that Olicmistry 
IS concerned, and it may be defined thus: Chemistry is that 
branch of Imowledge which deals with chemical changes; those, 
namely, which result in the formation of new substances with 
new properties. 

Chemical elements. —The result of a large number of experi- 
ments made from time to tune by different chemists has been 
to show that there are upwards of seventy difterent forms of 
matter which cam by no known methods be broken up into 
anything simpler. Bv this is meant that if any one of these 
be selected and treated in any way with which chemists are 
familiar — for example, if it were subjected to a very high 
temperature — it would be found impossible to obtain anything 
having properties different from those of the substance itself ; 
bodies of this simple kind are called olfirndpts. 

But it must be borne in mind carefully that, as the methods 
which chemists adopt become more and more refined, it is quite 
likely that some of these may be found wrongly to be regarded 
as elements. Up to the time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split up into simpler constituents. 
From soda he obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of course, soda 
could not be regarded as an element. Smiilai-ly, if at any 
future time it should be found that any of the forms of matter 
which are called elements can be split up into simpler bodiefc 
with different properties, the element which is thus decomposed 
will have to be stiuek off the list. 

Metals and non-metals. —A good many of the elementary 
substances are possessed of certain distinctive characters in 
which they resemble one anothei-. They have a bright lustra, 
a high specific fjrravity (p 62) ,,ja.re go'o(i conductors 61 hearand 
and nrfi known to chemists as 106 ^ 7 ' There^ is 
no difficulty in deciding in a large number of instances that the 
'substances possess the characters of a metal, and the student 
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will immediately think of gold, silver, copper, iron, etc. Other 
bodies, howevei,^ are quite as plainly not of this class , they 
have no lustre, they are not heavy, nor do they conduct heat 
and electncity well. These are spoken of .is non-metals, and 
phosphorus, sulphur, and carbon, will servo as good instances. 
But there is no hard and fast line betwt'en the two classes, 
for one or two substances possess some of the properties 
which distinguish a metal, and yet for other reasons, which 
the student will niiderstand better later, are not classed with 
the metals, but with the non-metals. Arsenic may be cited 
as an instance of a substanc*c which possesses properties common 
to both classes. 

r 

81. SOLUTION. EVAPOBATION. DISTILLATION. 

1 Solution. — Place a piece of sugar in water, and note that it soon 
disappears, and gives a sweet taste to the whole ot the water, so 
that the particles ot the sugar must l)o spread through the entire 
mass of the watei. 

U. Saturated solution.— Weigh out 50 grams each of the following 
substances .—finely powdoicd niti*e, sugar, salt ; to each add water, 
in small quantities, with viginous shaking alter each addition. 
Determine thus the quantity of water necessaiy to form a saturated 
solution of each. 

lit Solution is a pliyslcal cliange. Evaporation.— Weigh out a 
quantity of salt m an evapuratmg basin and dissolve it in water. 
Heat gently over a Bunsgi Immer so that the w^ater boils and 
evaporates away completely. ' Note that a white solid remains in 
the basin, and again weigh, S.itibfy yourself that the weight is 
c<|ual to the weight of the basin and salt belore solution, and that 
the solid left is still salt. ' 

iv. Distillation.— An arrangement for condensing steam or vapour 
is shown m Fig. 206. The steam that is driven off from the water 
' in the retort passes through a long tube kept cool by being 
surrounded'with water, and is thus condensed. 

V. Evaporation of distilled and tap water.— Evaporate a little 
distilled water in a platinum or porcelain crucible. Notice the 
absence of any residue. Repeat the experiment with tap-water, 
and note the residue. 

Solution. — When sugar is placed in water it disappears, but 
it is not lost, for we can taste it in the water. It is said to 
have dissolved and formed a solution of sugar. Similarly, a 
great number of substances can dissolve, or are soluble, in 
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water, but not all to the same extent, and when, at a given 
temperature, no more of the substance can be dissolved the 
solution IS said to be satoated ♦ * 

By boiling away the water the substance dissolved m i^ iray 
be recovered without loss ^ ^ 

Hence, during solution we have in general no chenncaTchange, 
but merely a change of physical state, although we shall find 
later that in certain cases soluti on may be accompanied by 
chemical changes 

Evaporation — By very gently warming water or other 
liquid, or even by allowing it to remain exposed to the air 
for some time, the liquid passes off as vapour without actually 
boiling Bain drops on window panes or pavement stones 
disappear by reason of this process which is called evaporation 
^ny dissolved substaixce remains behind, forming a residue 
DistlljLatlon — By the evaporation of the s olvent , i e the 
liquid in which the solution takes place, we can separate it 
from the dissolved substance, and this process- is frequently 
used not only for obtaining the dissolved substance, but also 



Fia 206 —The distillation of water 


for purification of liquid from dissolve 4 solid 
thc^te^ which 18 formed by boiling watgr 
<}p»lved subatances be condeitsed^^!^ 
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la to boil it and condense the steam which is given off The 
dissolved materials are all left behind m the vessel m which 
the boiling takes ^lace 

L > iei'' 

82 FILTBATION SUBLIMATION, DECANTATION 


i Filtration — Mix well together some fine sand and salt place 
the mixture in a glass flask with sufficient water to dissolve 
the salt and shake ^ 

vigorously lake a cir 
oular piece of fi lter pa per » 
and fold it in two in ^ ^ 

the form of a se mici rcle Jm 

then again to tEe form * 1 

of a quadrant open out / j | f fk 

into the form of a hollow \ I / ^ 

con^e and fit it into a \ I 

glass funnel (Fig 207) 

Pour the liquid through 
this filter and note that 

the solution of kalt runs y 

through perfectly clear 

leaving the insoluble 

sand m the filter paper 

Evaporate off the water 

IL Sublimation — Mix ll| 1 

some sand^ and a little ^ 


downwards over the dish " ' ' -^= ==f~ ' ~ 

it will be found that the Fio 207 —Filtration 

fumes condense on the . 

glass as a white powder which consists of the ammonium otilOtiu!i 
driven from the mixture by the heat 

Filtration — ^When a mujd y liq uid, that is, a liquid contain 
mg small solid particles floating in it, is poured on filter paper, 
^ thin kind of blotting paper, the solid particles remain on 
while the dear liquid passes through This 
0 St|:«tleii and is that which is usually ado^^ed m 

vhein It u to separate isitokMMMl 
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material from a iKjuid, either for the isolation of the solid 
or for the piinficatioii of the liquid. 

Decantation. — If a powder such as chalk be stirred up with 
water it may be separated from the water partially by allowm^^ 
the mixture to stand and settle for a while. With care the 
clear liquid may be poured or siphoned off from the sediment, 
and this process is known as decantation. It is impossible 
to remove the whole of the liquid in this way, so that filtration 
IS the method usually employed. 

Sublimation. — Sometimes heat may be used to separate a 
mixture of solids one of which is driven into vapour by the rise 
of temperature while the other remains unchanged 

A substance which on being heated passes straight from the 
solid to the vaporous state, and vice versa on cooling is said to 
sublime. Examples of such substances are ammonia compounds, 
mercury chlonde, etc. 


1 ' 

' 83. OEYSTALLISATION, PEEOIPITATION. 

i. of hot and cold water.— Place a quantity of 
powdered njU’© m water and allow it to stand for some time with 
frequent vigorous shaking, so that a cold satuiijrtc^i, solution is> 
formed. Now heat tlie solution and see whether more solid 
dissolves or not. 

Do the same experiment with other solids and satisfy yourself of 
the truth of the following statement, that m general hot water 
dissolves more of a solid than cold watf3r, or in other words, that 
the solvent power of a liquid increases Muth rise in temperature. 

ii. MaTring cxyatAls — Allow a hot saturated, or nearly saturated, 

solution of nitre obtained as alxive to cool slowly, and observe that 
the nitre separates out from the solution as clear glassy solids, 
which may be observed to increase in size as the solution cook. 
Examine a few of these and sec that they are bounded by piano 
surfaces. , » 

Hepeat this experiment, using alum, potassium chlorate, bhwa 
vitriol, etc. Notice that each substance forms crystals of a special 
shape. * 

ill Precipitation.— Dissolve some lead acetate in distilled water ; 
add to it a solution of sjdt. Observe the formation of a white 
/powder in the previously clear liquid. 

Solvent Power of Hot and Cold Water.-— Common experi- 
ence shows that as a rule a substance dissolves more readily in 
"hot tlian in cold water. Not only does solution occur more 
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quickly but more of the substance dissolves ; that is, the 
solvent power of^ater rises with the temperature. 

Crystallisation. — A hot satuiuted 'solution contains moi’o 
dissolved subKstan<;e than a cold one it follow^s, thei efore, that 
when the hot solution is coohnl, some of the dissolved substance 
separates from the liquid. Tins it usually does m the form 
of crystals, and their formation is known as crystallisation 

Ciystalhsation usually occui*s when a dissolved solid sepaiutes 
from its solution, either by c<M)ling of the solution, oi by the 
evaporation of the solvent ; and the slower the evaporation, or 
the more gradual the ciiolmg, the larger and more pei'fect are 
the crystals obtaiiio<l. We shall also find later that ciystals 
may be formed duiing the solidification of a melted solid, 
especially when it is allowed to cool and solidify slowly and 
undisturbed 

Every substance capable of crystallising forms crystals of 
a definite shape. Thus, common ssilt crystals have the shape 
of milm, alum that of octahedra^ each of which appeara to be 
made from two equal square pyiamids placed base to base. 
Other shapes are much ilioi*c difficult to describe accurately, 
but w'e may say tliat crystals, in geneiiil, have shining faces 
and shai'p e<lges 

Precipitation. — Precipitation always liappens if to a solution 
we add some material capable of converting the dissolved sub- 
stance into a new product wliich is insoluble in w.itei*, and 
therefore separates If, for example, some comtnun salt is 
added to solutions of lead acetate or of silver nitrate, a white 
powder forms in each case and falls to the bottom of the liquid, 
in the former case lead chloride, and in the latter silver 
•blonde is formed, and both these chlorides are insoluble. 


^ 84. UIXTUBES AlTD COMPOUNDS. 

i. Separation of a mixture lay solution.— (a) Mix some sand and 
salt together. Stir the mixture well with cold water and allow to 
stand. Pour off the clear solution which contains most of the salt. 
Repeat the process till the solution over the sand no longer tastes 
of salt The salt may be obtained from the water by evaporation. 

(6) Mix together some copper filings and powdered sulphur, and 
examine the result, which is a mixture of cemper and sulphur. Notu 
that its colour lies between the yellow of sulphur and the red of 
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copper, and that the particles aie qnit<‘ distinct. Wash a little in 
a gt*ntle stream ot water, and o iserve tliat the sulphur is washed 
away more readily than the ooppen*, leaving the latt(*r as a residue. 
Shake up the mixture with a little ot the iKpiid known as caibon 
disiilphiclc, and see that the siiljihiir dissolves but the copper is 
left ; pom* oil* the solution and allow it to (‘vaporate, and observe 
that the sulphur is left. 

ii. Separation of solids by magnetism.— Mix some iron filings and 
some sulphur in a mortal, stiiimg witli a pestle until the mixture is 
as eompleti' as iiossiblo Now hold a magiu^t dost* to tbe mixture 
and the filings will be diawn tow'ards the surface of tin* niixtuie 
By stirring the powdt*!* well with one end of the niagiu‘t it will be 
found possible to lemove the whole of the non and the mixture will 
lose its grey colour and bet‘ome yellow 

iii. Formation of a compound.— Now again mi\ some eopper filings 
and powdortxl sulphur in a jiortjelain eriieilile, using a w’eighed 
quantity of copp(*r, and heat i*it.hei in the oiien <iir oi in a draught 
cupboard. Obs<*rve that the sulphur mt'lts and some burns aw'ay. 
Add more sulphur, and .ig.un heat until no mon* sulphur burns away, 
and do this three or four tinu's. Weigh the* juoduet so obtained, and 
then ejxamme it eaiefulh Try to se^iarate the sulpluu and copper 
by wasliing, and tiy to dissolve the sulphur out by carbon disulphide. 
You will iioAV find that you cannot si'piiate the* two eomponents, 
iii*iL]ier can you ilistiiiguish the individual pailielcs I'hc substance 
tornied is a t'amponml ot copper and aulphui, so that duiing the 
heating a change has taki'n place, with the formation of a new 
substance with properties of its own This is an example of a 
ehcmioal change— the result of eh(*nii(Ml aution. The new substance 
1.S a chemical compound If you hav<* tiiken the wc*iglit carefully 
you will have found also that IfM) parts of eopper form, roughl}', 
125 parts of the compound, that is, unite with 25 of sulphur, 
and the result does not depiuid on the ricbiial wi'ight of copper and 
sulphur used, all exct‘ss of sulpluu over this b(*iiig always burnt 
away 

Mixtures and Compounds.— Wlien two substances are 
simply placed together so that w^e can distinguish each 
component or se|)arate them again by some simple procesi 
in which one is removed and the otliei’ left, the substances 
are said to form a mixture. Sand and salt may be thus mixed, 
in any pro]jortion, and they may be easily sepirated by 
dissolving tlie salt in water. Iron and sulphur when mixed 
can be separated by using a magnet to draw out the particles of 
iron. Mixtures of liquids, for example spirits and water, may 
be made and again separated by distillation. Mixtures of gases 
may be separated by solution. 

^ When twoi^ubstaiicos are mixed and so treated, by heating or 
otherwise, that we can no longer easily distinguish or separate 
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them, and the new anhstance haa properties unlike those of 
either, a cheinic^ compound is formed and tlie substances are 
said to have conh>ined Very many ex]>erinients have shown 
that compounds are £oi*med in fixed ])iopoi turns only. One sub- 
stance will combine with another always in the same pi’oportion 
no matter how much of either is used ni the experiment. We 
thus find the following differences lietwcen a mixture and a 
compound 

Mixture. —In a mixture the components exist side by side 
and (‘an bo separated liy simple mechanical methods. The 
ingredients may bo ])iesent in any pioportioiis, and the 
properties of the mixture are intermediate between those of 
the constituents. 

Compound. — In a ccimpound the components cJinnot be 
separated by the simpie mcians available m the case of 
mixtures The propi)rties of the comjioiind are (jiiite different 
from those of the constituents, and these constituents are 
always present m certain definite ])ioportionK wliuili for each 
compound <ire invaiiable. 

In all cases of (jheuiical action it is most important to 
i*ernember that the total weight remains absolutely unchanged, 
that is, the total weight of all the products is exactl}’^ etjual to 
the total weight of all the components forming these products. 

A 

85. CHEMICAL DECOMPOSITION AND 
COMBINATION. i 

1. Chemical Decomposition, («) Heat some red oxide of merciiry in 
a test.tuho. The powdet will be found to daikcn in (iolour and a 
*lhm giay film consisting of mercury drops ot minute size will be 
noticed to form on the cooler part of the tube. At the same time 
a gas (oxygen) escapes from the oxide and will re-kindlc a smoulder- 
ing cedar wo(k 1 splint held in the mouth of tlio tube. The powder 
has doc()m|)osed into m(?rcury and oxygen. 

(/>) S(>dium (s(ie caution on p. 334), dropped into water causes the 
production of bubbles of hydrogen gas due to the decomposition of 
the water. 

(c) Heat some crystals of potassium chlorate in a test tube and 
notice the escape of oxygen by using a smouldering splint as 
in Expt. 85 1 . 

(d) Heat some lead nitrate crystals in a test tube. Deep red 

coloured fumes escape and yellow oxide of lead remains. * 
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11. Gbemical combinatioxL— (a) A candle burning in air disappears. 
The constituents of the candle wiok and wax combine with a jiortion 
of the air to form new* compoundM of gaseous natjire 

(h) Sulphur burning in air forms a gas having a very strong smell. 
This gas IS produced by the sulphur combining with a portion ot 
the air 

(c) Magnesium ribbon when heated bursts into flame The metal 
disappears and in its stead there is found a white powder, formed 
partly of the metal and partly of the poition of air referied to 
111 Expts. (i) and (ii). 

(d) A few tlrops of water falling on some fresh quicklimp give rise 
to much heat. This is explained as being due to the lin^ combining 
with the water. 

Chemical Decomposition, or the separation of a compound 
into elements or simpler substances, is illustrated in Experi- 
ments 85 i., (a% {b)y (c), (d), which, howevei, cannot be fully 
understood at this stage of the subject 

Chemical Combination is illustrated in the four experiments 
85 li. (a), (b)f (c), (fii). We ace permanent changes in appearance 
and in the general properties of the substances experimented 
upon. In nearly all cases of combination heat is produced 
though not always sufficient in amount to cause flame. 


-Sr* CHIEF POINTS OF CHAPTER XXIL 

Physical changes are those in which the composition of the body 
experiencing the change remains unaltered. The science concerned 
with these changes is called PhysiOB. 

Chemical changes are those which result in the formation of new 
substances with new properties. The study of such changes is 
called Chi^stry. 

Ghemi^ elements are kinds of matter which can, by no known 
means, be broken up into anything simpler. They can be sub- 
divided into ZQej^ and non-metalB. 

Chemical operations.— Solution is the process by which some 
■substances, when placed in water or other liquids, disappear and 
Itheir particles spread through the entire mass of the water or other 
fliimid. 

When no more of the substance will disaolve the liquid is said to 
be saturated. Solution is generally a physical change and is, 
unaccompanied by any change of weight. 

Distillation, is the process by means of which we are able to 
.separate the dissolved substance from the solution containing it. 
Tne liquid itself is recovered by condensing the vapour. 

FilUution consists in utilising the porosity of unglazed paper or 
other material for separating insoluble substances from solutions 
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with which they are mixed. ; or, it la a means of purifying liquids 
and isolating soiids. 

Gryatallisation dienotes the separation of ‘a dissolved solid in 
masses having regular. shapes from a sblutidn as the liquid cvaiioratcs 
or cools. The regular solids tormini are called crystals. 

Precipitation means the foimation and separation of an insoluble 
substance from a solution. 

Gompounds and mixtures.— 

Sulwtances 


Elements Gompounds, Mixtures, 

I elemente pic- constituents pre- 

I i sent in ddinitc sent in any 

Metals Non-metals piopoitioiis IJi oportion. 

In a mixture tlie components exist side by side and can lie 
leparated by simple mechanical methods The ingredients may 
)o present in any proportion and the projierties of the mixture aie 
ntermetliatc between those f>f the constituents. 

In a compound the components cannot lie separated hy the simple 
neans available in the case of mixtures because chemical combination 
las taken place. The properties of the compound arc quite diderent 
rom those of the constituents, and those constituents are always 
irescnt m certain definite proportions which for each compound are 
nvariablo. ^ 

-> 

^ QUESTIONS ON CHAFTEB XXII. 

'1. How may muddy water lie (a) made clear, (6) purified from 
lisaolvcd material ’ 

.^2. Explain the difFcrences between a mixture and a com|X)und. 

‘ .3 What do you mean by a “ physical ” and w hat hy a ‘ ‘ chemical ” 
hangc ? If a substance changes under tlie influence of heat, how 
D^ould you endeavour to find out whether the change is chemical or 
[lercly physical ? 

* 4. A mixture of salt and powdered glass is given to you. How 
could yon {a) obtain separately the two constituents, (/>) find the 
quantity of each in the mixture ? Could you separate sugar from 
salt in the same way ? 

5. What do you mean by a saturated solution ? How would you 
prepare a saturated solution at a given temperature? What is 
generally the effect of cooling a saturated solution ? 

A white powder is shaken up with water. How would you 
asKiertam whether any of it dissolves ’ 

^ What is meant by the statement that two liquids mix ? Give 
examples. Can a limiid bo soluble in another liquid without being 
capable of mixing ? If so, give an example. 

L.S. I- n 
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8. Kow may frosh water suitaV>le for drinking be obtained from 
sea water ? 

9. By what means would you endeavour to firftl the quantity of a 
given solid which a given quantity, say 1 gallon, of water is capable 
of dissolving ? 

10. What is meant by “ precipitation ” ? In what circumstances 
may precipitates be formed in a liquid ? 

11. How would you endeavour to obtain large crystals of alum ? 

12. Describe an experiment to show the solulnlity of ether in 
water. 

13. Sand and salt are stirred up in a bottle containing water in 
which some gas is dissolved. What methods would you use to 
.recover the sand, salt, and gas from the water? 

14. (live examples of tlie solvi^jat power of water. How could 
you determine whether a sample of water contains dissolved solid 
matter ? 

15. Describe the apparatus you would employ to obtain water 
free from dissolved substances. 

U). State in general terms the differences observable between a 
mixture and a compound of any two substances. 

17. Explain the terms Mixture and Compound. How could you 
show that copi)er and sulphur (oi* iron and sulphur) can exist 
together, either as a mixture or as a chemical compound? 
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BURNING AND RUSTING. 


86. RUSTING OF IRON. 

i. Increase of weig^ht when magnesium is humt. —Weigh a 
o^ncihle and its lid with a piece of magnesium, which, folded 
lightly, is placed in the crucible. Heat it strongly in a burner^, 
tiiking caro to let no fumes escape (Fig. 208). To do this, keep on 
the lid, and only raise it a little 
when the flame is removed. The 
magnesium is seen to burn brightly 
in places, but if care is taken, no 
fumes are lost. When finished, the 
mass should be in the form of a white 
powder. Allow to cool, and weigh 
the crucible with the lid and powder. 

Subtract the weight of the crucible 
and lid to find the weight of the 
powder. The powder will almost 
certainly Iw found to weigh more 
than the original piece of metal. 

ii. Increase of weight when iron 
rusts.— Carefully weigh a waieh- 
g||p.ss with some iroj^L^^fi^ngs or tacks 
in it. Because iron rusts best when 
damp, add a few drops of water to 
the iron in the watch-glass, and allow it to stand for a day or two. 
At the end of this time warm the watch-glass gently, so as to 
evaporate any water left. When the rusty iron is dry, weigh the 
watch-glass and its contents. 

Its weight will be found to he more after the rusting has taken 
place; the iron in getting rusty has gained in weight. 

ill. Air absorbed during rusting. — Place some iron filings in a 
muglin bag, and tie the bag to a piece of glass rod. Moisten well, 
and place it in a bottle of air inverted over wafer. If necessary, 
put something on the bottle to keep it upright (Fig. 209). Examine 
after a few days. It will be seen that the water has risen in the 
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bottle, showing that part of the atmosphere has been abstracted 
by the iron in rusting. 

iv. Alteration of air when iron rusts in it.— P' ace a ground glass 
plate tightly under the mouth of the jar so as to allow no "water to 
escape ; set the j.ir upright, and plunge a burning taper into it. 
Notice that the flame is extinguished ; do not throw away the water. 

Effects of heating metals in air. — Some of the effects of heat 
upon substances have already been obsei ved and described. It 
has been seen that, by heat, solids may be melted into liquids, 
and liquids converted into vapours. If a piece of platinum 

wire or platinum foil is held 
in the smokeless flame of 
a laboratory burner, it be- 
comes red-hot ; but when it 
is taken out of the flame it 
quickly resumes its ordinary 
colour, and no change can 
be seen to have taken place. 
Substances like paper and 
wood when heated strongly 
in air take Are and burn. 
Smoke is given off, and an 
ash remains. Metals like 
copper become covered with 

a film, or tarnish, when they 
F.o. 209-B:^^nUoshow theaobanot Lead 

when strongly heated melts 
and becomes covered with a scum on the surface. If the scum 
is removed the bright metal is seen shining below, but it also 
quickly dulls. 

If metals are heated in closed tubes without air they do not 
change in this way. It thus seems that the tarnish is due to the 
absorption of something from the air. But if something is taken 
from the air when a metal tarnishes, or when a metal like mag- 
nesium burns, the tarnished metal, or the ash of the magnesium, 
should weigh more than the original substance. Observations 
show that this is actually the case. As air seems responsible for 
the effects described, it is evidently well worth investigation. 

Chemical properties of air. — It is necessary carefully to 
' consider the changes which different substances undergo when 
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exposed to tlie atmosphere. It is best to begin with those 
cases which appear to be simplest. Every one has noticed that 
when iron is expcAed to damp an* it becomes rusty. Does the 
iron lose or give up something when it rusts ? Or, does it, on 
the contrary, take up or gam something ? These questions can 
be best answered by properly arranged experiments 

Iron gains in weight during rusting.— If a known weight of 
iion is allowed to rust by contact with damp air, it can be 
shown easily by weighing it after the rusting has taken place 
that it has increased in weight. Tlie result of this experiment 
is very important. If the weighings are carefully made, the 
iron is always found to gain in weight when it rusts. The sub- 
stance causing the increase of weight, when dam]) iron filings 
rust, could come from the water, or moisture, or from the air. 
If the iron is allowed to rust in a closed space, and the 
experiment is so arranged that if anything is taken from 
the air the lo.sa can be detected, it can be decided whether 
the air causes the rusting. Fig. shows a convenient way of 
doing this Some iron filings are placed loosely in a muslin bag, 
and the bag is tied to a piece of glass rod. The bag of filings is 
well moistened, and arranged in a bottle of air inverted over 
water in a basin, in the manner shown by the illustration. The 
apparatus is then left undisturbed for a day or two. When it 
IS examined after this time, the water is seen to have risen in 
the bottle. Why is this ? It is quite clear that there is less air 
ill the bottle now than there was before the iron became rusty. 
Some part of the air has, therefore, been used by the iron as it 
rusted, and this part of the air has joined with the iron to help 
to make the rust. 

Air as well as iron undergoes chiange.— When iron rusts, 
tbe change which it has undergone is visible. No difference 
can, however, be seen between the character of the air left in a 
bottle in which iron has rusted and ordinary air. But there is 
a great difference. A lighted taper is extinguished by the gas 
left in a bottle in which iron has rusted, hence the gas cannot be 
air, for in air a taper will burn quite easily. But before the 
rusting of the iron took place in it, the air was ordinary air. 
Hence, it is clear that the rustipg of the iron is accompanied by 
a change in the character of the air in the bottle. It is reason- 
able to suppose that the gas which disappears is concerned in* 
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the formation of iron rust, and this will be shown later to be 
Actually the case. When iron rusts, it takes out of the air that 
part of it which helps burning, and moreovei'y the iron and the 
part of the air conceited in burning combine together to foi m 
iron rust. The part of the air left in the bottle will not let 
things burn in it. It may therefore be stated that : Iron in 
rustin^r gains in weight, taking some material from the air, and this 
material is the part of the air which causes substances to bum in it. 


87. CHANGE CAUSED IN AIB BY BUSTING. 

i. Volume of air used up in rusting. — Mt^Lsut o in a graduated vessel 
the quantity of water m the Ixittle from hixpt. 86 iv. This is iM]ual 
to the quantity of gas which has been used up and has joined with 
the iron. Also measure the quantity of water the bottle holds. 
This gives us the volume of air the bottle originally held. What 
fraction of the total volume of air enclosed has been used up ? 

ii. Change produced in air by iron rusting in it. — Repeat the 
exjienment of allowing iron to rust m an enclosed volume of air. 
After the iron has been left for a day or two, and there is no 
further rise of the water, mark the level of the wattjr m tlie jar by a 
narrow atrip of gummed paper on the outside. Carefully mtroduco 
another muslin hag of iron which is not rusty. This can be done by 
using a large enough basin of water, and jmshing the bag through 
the water, being can'fiil to allow no morcj air to get into the bottle. 
Examine the bottle alter another day or two. There is no farther 
rise in the level of the water, and the iron is not rusty. Evidc*ntly 
the gas which is left will not allow more iron to rust m it, though 
it IS colour less and transparent, like ordinary air. 

What fraction of the air is taken by Iron in rusting ?— 

Only a certain fraction of the enclosed air is taken up when 
iron rusts in it. Suppose some damp iron tilings are allowed 
to rust in an enclosed amount of air, contained in a bottle 
inverted over a basin of water. The amount of water which 
rises into the bottle can be measured by means of a graduated 
vessel. A moment’s thought will tell you that, as this water 
gradually takes the place of the part of the air which the iron 
uses, its volume must be the same as the volume of the gas 
so taken out of the air. The amount of water the bottle 
holds when full can be found easily, and the result shows 
the volume of air in the bottle to begin with. If observations 
of this kind are made, it will be found that, when the bottle is 
full, it has five times more water in it than it has after the iron 
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has rusted. Even if the cxi)eriment is repeated several times 
witli bottles of different sizes, the result is always the same. It 
IS always found tlSat one-^h of the volume of the enidosed air .is 
used up hy iron in ruBUng:. 

' Chemical composition of the air. —That part of the air which 
helps substances to burn, and is tahen out of the air by iron in 
rusting, may be called the active part of the air That part 
which is left by the iron, and will not allow a taper or candle to 
burn in it, may be called the inactive part The observations 
just described show that air is made up, or composed, of 1 volume 
of the active part to 4 volumes of the inactive part, in every 
5 volumes. In other words, in 100 pints of air there are 
20 pints which will unite with iron to make iron rust, or 
will assist a candle to burn, and 80 pints of the inactive part 
which will not assist burning. 

Other metals combine with the active part of air.— When 
copper is heated in air, it gradually blackens and increases in 
weight. When hot, copper has the power of combining with 



Fio. 210. — When air pa<isos over hot copper, it is deprived of its active part, 
aud the inactive part may be collected as shown. 


the active part of the air in just the same way as the iron does 
gradually when cold, and it is reasonable to conclude that the 
black substance formed is copper rust, though it is not generally 
known by that name. 

That copper only combines with the active part, and leaves 
the inactive part, can be shown by a suitable experiment, thought 
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not so easily as in the case of iron. Some copper turnings are 
placed in a hard glass tube like that shown in Fig. 210, one end of 
which is connected with an aspirator full of a«r, and tlie other 
by means of a well-fitting cork with a tube which dips under 
water in a trough Then a bottleful of water is inverted in the 
trough of water exactly over the end of the small tube, which 
dips into it, and is connected with the hard glass tube contain- 
ing the copper. The copper is heated strongly, and air is forced 
over it by making water take the place of the air in the aspi- 
rator. As the air passes over tlie heated copper, the active part 
of the air joins with the copper to form the black copper rust, 
and the inactive part passes on alone into the inverted bottle in 
the tr^^nghklK That the inactive part collects in the bottle is 
indicated, though not proved, by the fact that it puts out the 
flame of a taper. If this gjis is, in the same way, passed over 
some more heated copper, it has no effect on it ; the copper does 
not blacken. Moreover, if the amount of air which has come out 
of the aspirator is measured, and also the amount collected in 
the bottle, it is found that in passing over the copper the air 
loses one-fifth of its volume. 


88. BUBNINO OF FHOSPHOBUB. 

(Read the caution on p, S89.) 

1. The homing of phosphorus.— Place a little phosphorus upon a 
slate, tile, or an old saucer.. Apply a light to it. It catches fire 
and bums brightly. As it bums, dense white clouds are formed. 

ii. Volume of air used up when phosphorus hums.— Place a little 
red (or yellow) phosphorus m a test-tube fitted with a good cork. 
Fix the cork firmly m the test-tube. Hold the test-tube slantingly, 
by means of a test-tube holder, over a flame for a second or two, s<7 
as to heat the phosphorus and make it burn. When it will bum no 
longer, take away the test-tulie and let it cool for five or ten 
minutes. 

Then hold the mouth of the test-tube well under water, and care- 
fully take out the cork. Water rises inside the tube to take the 
place of the air used up. Notice that the rise is practically one- 
nfth the volume of air enclosed. 

Phosphorus readily bums in the air.—It is only necessary 
to touch a piece of dry phosphorus with a hot wire to make it 
^tch fire and burn. It burns with a dazzling bright flame, and, 
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at the same time dense clouds of white fumes are fozmed, which 
spread throughout the room. These facts are noticed until all 
the phosphorus htLs disappeared. 

What happens when phosphorus burns in this way ? Is the 
change anything like that when iron rusts ? Does the phosphorus 
gam or lose in weight ? These and several other questions pre- 
sent themselves, and they can be answered now. 

Changes produced in air by burning phosphorus.— To 
decide whether phosphorus in burning causes the same change 
ill air as iron does when 
it rusts, it 18 best to burn 
some phosyihorus in an 
enclosed amount of air in 
a way similar to that 
which has already been 
described for an experi- 
ment with damp iron. 

One way to do this is to 
place a little phosphorus 
on a cork or basin which 
floats on the surface of 
water, under a bell jar, 
or a, stoppered bottle 
having no bottom. After 
the experiment is over, 
and the fumes have dis- 
appeared, the water is 
seen to have risen in the 
jar, indicating that tliere is less gas in the jar than before the 
phosphorus was burnt in it (Fig. 212 ). 

' From what has been previously said, it can be understood 
at once that phosphorus in burning takes out the active- part 
of the air, and leaves the inactive part behind. So far, 
then, the changes which occur when phosphorus burns are like 
those when iron rusts. Some differences will be studied a 
little later. 

The f ractio n of the air which disappears as a result of the 
bumin^f the phosphorus in a stoppered jar, can be measured 
easily enough after the jar has been raised a little, so that its 
mouth is still under water, but no longer rests on the bottom 



Fia 211.— After the phosphorus has burned 
iu the corked test'tUDC, the test-tube is uii. 
corked under water, and water enters to take 
the place of the air used up. 
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the basin As in the case of the rusting of iron^ one fifth of the 
air IS taken out of it by the phosphorus in burning 
That the gas left behind is really the inactiv§ part of air can 
be proved by quickly pulling out the stopper of a jar in which 
phosphorus has been burnt, and introducing a lighted taper 
The flame is at once extinguished 
Phosphorus slowly takes out the active part of the air 
without being lighted — It has been seen that iron slowly 

takes the active part of 

the same when it is not 

Pio m -Phosphorus uses up one fifth of phosphorus 18 exposed tO 
the air in the bottle when It burns and water ^n enclosed Quantity of 
rises to take the place of the air used ^ i 

air over water, the rapid 

changes ]ust described take place slowly The only difference 
in the two cases is the rate at which the active part of the 
air IS taken out Burning phosphorus combines with the 
active part very quickly cold phosphorus but slowly Still, 
given time enough, ordinary phosphorus will remove all the 
active part of an, and at the end of the experiment it will be 
found that again one fifth of the air has disappeared 


89 BTJENINa OP A CANDLE 

i fiColstiire is formed when a candle bums —Over a burnmu 
candle hold a clear cold tumbler which has been carefully driea 
inside and out Notice that the inside of the tumbler Incomes 
covered with mist, and after a short time drops of water are 
formed which run down the sides of the tumbler (Fig 213) 

U Properties of the gas left after a candle has burnt in aif — 
Wind a piece of copper wire round a small candle and light 
the candle Push the top of the wire through a small hole m 
a disc- of cacdbeard, and then lower the candle into a dry clear 
bottle iq such a qiapner that the top of the ^ar is covered 
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the cardboard disc (Fig. 214). Observe that the flame of the candle 
becomes dimmer and dimmer, and soon goes out altogether. Water 
collects on the iifteide of the jar, as in the last experiment. Take 
oiit the candle, and cover the jar with a greased glass 
Quickly insert a burning taper, or the re-lighted candle ; it is at 
once put out. Pour in a little fresh clear lime-water, and shake it 
up in the jar ; notice tliat it is turned mjlky. 

iii. Volume of air used by a candle m burning*. — Fix two or three 
small candles of different lengths upon the inside of the top of a_tijpu- 
canister (Fig. 215). Float the lid upon the surface of water in a basin, 
or sink it to the bottom of the basin, if the candles project well above 
the surface while it is in that position. Light the candles, and 


Fio. 213. —To show the formation <>f Fio. 214.— Burning a candle in air in 
moisture by the burning of a candle. a glass jar. 

vwhile they are burning, hold over them a wide-mouthed bottle, so 
that the mouth of the? bottle is beneath the surface of the water. 
When the candles have gone out, and the air in the bottle has 
become cool again, mark tlie place to which the water has risen, by 
means of a strip of gummed paper. Take out the bottle and find 
the volume of water which just fills it. Find also the volume 
required to fill it to the edge of the gummed paper. Subtract this 
volume from thq preceding one, and thus obtain the volume of 
air used. Notice that it is about one-fifth of the whole volume 
of air that was in the bottle. 

The burning of a candle. — Several facts have been learnt 
about the burning of phosphorus in air, and it will be desirably 
before proceeding farther to study .he burning of some more 
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common combustible substa nce, such, for instance, as a 
candle ^ 

In what respects is the burning of a candle similar to the 
burning of phosphorus, and does it differ from it in any way ? 
It has been shown already (p 316) that a candle will not con 
tinue to burn very long in an enclosed quantity of air Unless 
the air is renewed in some way, the candle goes out This gives 
us a convenient starting point for the inquiry, Why does the 
candle go out and what changes take place when the candle is 
burning ? 

Water is formed when a candle bums— When a clear 
glass bottle, which has been carefully dried inside and out, is 
held over a burning candle, it is soon noticed that drops of 



Fio 215 —When the candied bum a certain fraction of air is used up 
and water rises into the inverted bottle to take its place 

liquid begin to collect on the inside of the bottle, and after a 
time they run down the sides In some way or other, then, the 
burning of a candle causes a liquid to be produced If a sufifi 
cient quantity of this liquid is collected, it can be proved to be 
witter by tasting it, or by determining its density, or its boiling 
and freezing points Water is the only liquid which boils at 
100 C and freezes at 0 C , and the density of which is 1 
Another substance besides water is formed when a candle 
bums —If a candle is burnt m a clear glass bottle ih the way 
shown m Fig 214, the gas which is left behind can easily he 
examined. Experiments with this gas show that, Uke the 
inactive part of the air, it will not allow things to bum in it. 
But besides tbis it is found that the gas turns hme water mTi^ 
The gas left after phosphorus has been burned in a simi^r 
j pas pot tins property of making hme water milky * it thus 
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appears that there is something else in the c ylinder, besides the 
inactive part of the air already described. Hence, when a 
candle burns, it n*ot only forms water, but also a colourless gas 
which turns clear lime-water milky. Just as it is possible to 
show, by burning phosphorus in a jar inver ted over water, that 
phosphorus takes out the active part of the air as it burns, so 
the same fact can be made clear in the case of a candle by a 
similar experiment. When this experiment is performed, it is 
always found that at a certain stage the candle goes out. When 
this occurs, the water has risen and filled about one-fifth of the 
jar. This result has been noticed so often that there is good 
reason to believe that the candle is extinguished because it has 
used up the active part of the air, which makes up one-fifth of 
the whole. In fact this is true in all cases of burning in the air. 
It does not matter what the substance which burns is like ; if 
it burns in air it does so because it takes out the active part to 
unite with it to form new substances, and the inactive part is 
always left behind. 

The structure of a candle flame. — With care it is possible 
to disting^uTsTT four parts in a candle flame, (a) A dark inner 
cone surrounding the wick consists of the gases distilled from 
the wax ojr wick, and we may 
examine the nature of these 
gases by holding one end of 
a glass tube in the flame at 
this place and applying a 
light to the other end of the 
tube (Fig. 216). (d) Next 

outside this dark inner cone 
is found the brightest part 
of the flame, consisting of 
another cone, in which the 
gases from the wax and wick 
are partly burnt. This is 
the part of the flame from 
which s ootj s deposited when 
a cold object is placed in the 
flame, (c) Outside the bright 
cone is an almost colourless envelope, in which the biiniiiig 
is completed. It can be seen by Jjolding a card, cut in the 
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shape of the flame, before the lighted candle, (d) At the 
base of the flame ih seen a small blue space in which there 
is complete combustion, and the colour is somewhat similar 
to that of a Bunsen burner, in which there is also complete 
combustion. 

Other familiar cases of burning. — C^andlcs are not now 
commonly used for lighting our houses. Sometimes lamps are 
employed, and in large rooms ordinary coal-gas is often the 
substance which is bui'iit Is the bui’ning of oil and gas like 
that which occurs when a candle is lighted, and if not, what 
are the difFereiices ^ 

By holding a clear diy bottle over tlie flame of a burning 
caudle it is seen that water is formed as the Imrning is con- 
tinued, because the va])oiir liecomes condensed on tlie inside 
of the cold glass In exactly the same w^ay, it is found that 
water is formed wlieii the flame is due to the burning of either 
jnl or gas. But when a candle is burnt, a gas whicli turns 
lime-water milky is foimed as well as water. Is tins gas also 
produced when oil and gas are burnt V If an oil lamj), or a 
gas-jet, or a splinter of wood, is allowed to burn for a few 
minutes in a glass jar, and is then lemoved and the jar covered 
with a glass plate, lime-water poured into the jar is turned 
milky. We may consequently say that when a candle, a‘lamp, 
coal-gas and wood are burnt, two substances are formed, 
namely, water and an invmble gas which turns lime-water 
milky 

To prove that nothing is lost when oil burns or a jet of 
coal-gas is lighted, an experiment must be made similar to 
that already described with a candle (p. 17). The ^nass of 
the oil or gas used up, would have to be dctei mined aq^l 
also the masses of the water and the other substances produced 
by the burning. When this is carefully done, and none of 
the px‘oducts of combustion are allowed to escape, the total 
mass of the substances formed is found to be greater than 
that of the oil or gas burnt. In every case winch chemists 
have examined, the same thing is proved to hold true. In 
no kind of chemical change is there any loss of matter. 
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Action of metals on air. — Metals increase in weight when they are 
tainished by being heated m the air. Magiiobium iiiei eases in 
weight when it burns m air. When iron i lists it increases in 
weight ; the increase is due to a gas taken out of the air by the 
iron as it rusts. Tlu* part of the air left behind as iron rusts will 
not allow a taper to bum in it. 

Composition of the air. Air contains two gases ; one is used up 
by non in rusting, the other is lelt behind, and will not allow 
things to burn in it. 

Proportion of the two gases in air.— WI kmi an excess of iron rusts 
m an enclosed amount of air, it always takes up one-lifth of tlie 
volume of the an 'J’his jiart, which is also ( oncenicd in burning, 
may be called the active jiart of air. The remaninig four-fifths of the 
air, which will not allow things to burn in it, in which iron will not 
rust, may be called the inactive ^tart of the air 

The hii^ng of phosphorus in air — l*l»ospliorus readily burns in 
the air ; in doing so it takes out the active pait and combines with 
it to form a snow-like p<iwder. It can also slowl}'^ take out the 
activdpait of air without being lighted. When phosphorus is Imrnt 
in an enclosed volume of air, one-fifth of this air is used up, and 
four-fifths leniam. • 

The burning of a candle. — When a candle burns in air, water 
IS formed, and also a gas which turns lime-water milky. As in 
other cases of burning, one-fifth of the air is used up by a candle in 
burning. 


EXERCISES ON CHAPTER XXIIL 

1. If the inside of a bottle had iron filings spread over it, and the 
bottle were corked up and left in a waim room for a few weeks, 
what would you expect to see it the cork were then withdrawn 
while the mouth of the bottle were held under water ? 

2. pjxplam the changes that would take place in the bottle 
Mentioned in the previous <piestion. 

3. Half an ounc e of magnesium is burnt in the air, and the ashes 
formed are carefully collected and weighed. Compare the weight of 
the ashes with that of the magnesium bumt, and explain the reason 
for the diflerence in the weights. 

4. Describe an experiment (making a drawing of the apparatus 
you would use) to show that air contains a gas in which a taper will 
not burn. 

5. A piece of phosphorus is burnt in a stoppered bottle containing 

100 C.O. of air. The stopper of the bottle is then taken out under 
water. How many cubic cms. of water enter the bottle. What 
facts do you learn from this observation ? • 
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6. Compare and contrast the rusting of iron and the slow burning 
of phosphorus. 

7. A piece of phosphorus is placed in a bottle, and the bottle is 
corked, suspended fi'om one arm of a balance, and counterpoised. 
The phospliorus is then caused t(» burn by heating the bottle. Will 
the b^ance remain counterpoised after cooling ? Give reasons for 
your ansviTer. 

8. A lighted candle is stood upright in water, and a bottle is 
placed over it, w'ith the neck under the surface of the water. 
bescrilKJ and account for what happens. 

9. If two bottles w’ere given you, in one of which phosphorus had 
been burnt, and in the other a candle, how could you decide which 
bottle was used for the phosphorus ? 

10. Write a short essay on the burning of a candle.'* 



CHAPTER XXIV. 


NITROGEN AND OXYGEN AS CONSTITUENTS 
OF AIR. 


!• 

90 . SEARCH FOR THE ACTIVE PART OF AIR. 



i. Changes produced by heating lead in air.— Heat a few pieces 
of clean lead in an open crucible [Fig, 

217). When the lead has melted, stir 
the liquid metal with a stout iron wire. 

Notice the formation of a powdery sciuii. 
upon t|ie lead. Observe that the colour 
of the powder is darker when hot. Let 
the crucible cool. Notice that it now 
contains a yellow powdel’y substance in 
addition to the unchanged lead. By 
strongly heating this powder its colour 
changes again, and it becomes red 

Fia. 217.— Heating lead in 
contact with air. 


ii. Gas produced by 
heating red lead.-— Place 
a little fed~}ead in a 
hard glass tube, and 
strongly heat the tube 
as in Fig. 218. Notice 
that the red lead under- 
goes a change of colour. 

♦ Into the tube insert a 
glowing splinter. Ob- 
serve that the splinter 
is re-kindled. Why is 
this? 

iii. Change produced 
by heating mercury rust. 

“Repeat the preceding 
experiment with some 
ird oxide of mercury, 


Fig. 218, — When red load i.s heated, a i.s given 
off which will rc-kindle a glowing splinter. 


aiul notice the formation 
of the silvery, mirror-liko* 


US. I. 
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deposit of meroury, or quioksilver, round the cold upper part of the 
tube. Insert a glowing splinter of wood, and watch it re-kmdle. 

Where to look for the active part of air.— Since, in suit- 
able cireumstances, iron, copper, and lead take the active part 
out of the air, and unite with it to form fresh substances, it 
should not be difficult to make these, or similar substances, give 
up the part of the air which they take up, and so pi’ocure the 
active constituent of air by itself in a pure form. But a little 
' more thought suggests that probably some of these substances 
would do better than others. It is quite certain that some are 
formed more easily than others. Will those which are most 
easily formed he the best from which to get the active part? 
No. The reason is this. When a chemical change takes place 
easily, it generally means that the substances taking part in 
the change have, as it were, a great liking for one another, and 
when they combine together they form a compound which it is 
difficult to separate into its parts again. The easiest way to 
aet to work is, therefore, fiist to find some substance which 
only combines with the active part slowly and with difficulty, 
for the compound such a substance forms with the active part 
will moat likely be a weak one, and easily broken up again. 

The compounds which lead forms with the active part 
of the air. — When lead is heated in contact with the air, a 
yellow powder which is much da^er in colour when hot is 
formed. If the heating is continued long enough, all the metal 
is changed into powder, llie change takes place fairly easily, 
so that from previous reasoning it may be concluded that it is 
probably difficult to get the active part of the air again from 
this powder. Tiiis is so. But it fo und that, when some of 
the yellow powder is heated for a long time at the temperature 
at which lead melts, it slowly takes up still more of the actiVe 
part of the air, and changes in colour, becoming red. The first 
powder obtained, which is yellow, is in some states called 
litharge ; the second red powder is known as red lead. It is 
easy to get the second lot of the active part of the air again 
from the red lead. A third powder of a black colour, and 
having less of the active part of air than either litharge or red 
lead, is also formed when lead is heated in air. 

How the active part of air is obtained from red lead.— 

, When red lead is heated, it changes in colour, and if the heat 
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has not been great, it regains its original red colour when 
allowed to cool. But if strongly heated, the red lead gives 
up some of the ifctive part of the air which it con tains, and 
is reconvei’ted into litharge. The amount of the active part 
of the air which it thus gives up on being heated is the second 
quantity referred to in the last paragraph, which is taken up 
slowly when the heating rif lead is continued for a long time. 
If red lead is strongly heated in a tube, as in Fig. 218, and a 
glowing splinter of wood is luished down the tube, the splinter 
bursts into ilanie and continues to burn brightly. The active part 
of air has been obtained alone, and supports burning strongly. 

Other ways of obtaining the active part of air.— (Quick- 
silver, or mercury, when strongly heated in the air, slowly 
combines with the active part, and gradually becomes con- 
verted into a bright red powder, which is the rust of mercury. 
If some of this rust of mercury is heated in a hard glass tube, 
as in Fig. 218, it soon changes in colour ; and as the heating is 
continued it is noticed that a mirror-like deposit is formed 
round the top, cold ||art of the tube. When this de])osit is 
rubbed with a penholder or pencil, it runs together and forms 
little drops of (piicksilver. Moreover, if a glowing splinter 
of wood IS introduced into the tube, it bursts into flame, show- 
ing tlittt the active part of the air is being driven out of the red 
mercury rust. This change is just the reverse of what takes 
place when mercury itself is heated. The active part of the air, 
with which hot mercury slowly comhines, is driven out of the 
red mercury rust when that is strongly heated. But red 
mercury rust is expensive, and it is too costly a jilan to heat 
it to obtain a quantity of the active part of air sufficient for the 
study of its properties. Several other ind cheaper substances 
easily give up the active part of air when heated. 

The active part of the air is called oxygen.— As it will be 
more convenient in the future to speak of the active part of the 
air by the name chemists use for it, we may state here that it is 
always called oxygen, but the meaning of this name will be 
better understood later. 

PBEPABATION OF OXTOEN. 

1. Oxygen from potassium cMorate.— Place a little potassium 
chlorate or chlorate of potash (which is the same thing) in a testv 
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tube and heat it as m Fig 210 Observe that the powder oraoklea 
melts and gives off a gas Test by a glowing splinter of wpoo^ i,nd 
see that the gas behaves like oxygen tne active part of the air 
11 Preparation of a small quantity of oxygen.— Powder some 
crystals of potassium chlorate and mix the powder with a little 
manganese dioxide (sometimes called pyrolusite) Heat some of the 
mixture in a test tube as m the last experiment Observe by 
putting m a glowing splinter that oxygen is given off Notice 
that in this case there is no melting and the gas comes off more 
readily 

lit Preparation and collection of oxygen —Into a hard glass tube 
closed at one end fit an india rubber skqipec with one hole in it 

thi-ough winch a tube bent 
as m Fig 219 is passed 
The other end of this tube 
called the delivery tube dips 
under water in a trough 
Mix together some potassium 
chlorate and manganese di 
oxide as m the previous 
experiment and place the 
mixture m the tube Sup 
port the tube and delivery 
tube as shown in the illustra 
tion Fill several bottles 
with water and invert them 



Pio —Preparation of oxygen by heat in the trough Gently warm 
lug a mixture of potassium chlorate and the tube and place one of 
The«a,iabemgcol the tattles of wlter O. er the 

end of the delivery tube 
As the oxygen is driven off it displaces the water and gradually 
fills the bottle When the bottle is full of oxygen cover its mouth 
with a greased glass plate and lift it out of tlie trough In this 
way fill five or six jars with oxygen 


Oautipn — car^ftd not to take away the burner from under the 
hxtrTd gloBS tube before renwmng the delivery tube from the trough 


Preparation of oxygen from potassium chlorate tlie 
quantity of oxvgen obtained by heating red oxide of mercory 
IS comparatively small, and the oxide of mercury is expensivei 
a more convenient source of the gas is the white cryste jlipa 
powder called potassium chlorate 
If this white crystalline compound is heated, m the same way 
as the red oxide of mercury, it melts and gives off bubbles 
axygen, and after all the oxygen has been given off a whit^ 
substance like table salt is left behind. 

^ heatihg^ tbe potassium chlorate is broken into 
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things, a gas and a white substance like common salt, which is 
called potassium c^iloride. 


Potassium 

ChLORxITE 


gives when 
heated 


Potassium 

Chloride 


and Oxygen. 


Use of oxygen' mixture. — By adopting a slightly ditlerent 
method, oxygen can be obtained more readily and easily, for it 
has been found that by mixing the potassium chlorate with 
certain other substances, as, for instance, a black compound, 
manganese dioxide, the oxygen from the chlorate comes oli‘ 
more easily and at a lower temperature. This mixture may be 
called oxygen mixture. If after all the oxygen has been driven 
out of the mixture the residue left behind is boiled up with 
water in a flask and the turbid liquid filtered, the manganese 
dioxide remains unchanged on the filter paper. 


/r" 

92. PROPERTIES OF OXYGEN. 

The jars of oxygen prepared as described in Expt. 91 iii. are 
required. 

i. Physical properties of oxygen. — Take one of the bottles of 
oxygen (one of those collected last should be chosen). Notice every- 
thing you can about the contents of the bottle, ^riio gas in the 
bottle kas no colour. Remove the plate from the mouth and test its 
smell ; it has no smell. Try the taste by 
breathing some of the gas ; it has no 
taste. See if the gas has any effect on 
moistened litmus papers, one blue and 
the other red. There should be no effect ; 
we .say oxygen is a neutral .substance. 

ii. The burning of a candle in oxygen. 

— Attach a piece of stout wire to a wax 
turner and having lighted the taper plunge 
it*^into another of the jars of oxygen. 

Notice that it is not extinguished^ but 
continues to burn, and with a kii'ger and 
brighter flame. 

iii. The burning of charcoal in oxygen. 

— Into another jar of oxygen thrust a 
splint of wood red-hot at the end, or 
a piece of red-hot charcoal placed in a 
deflagrating spoon (a small upturned iron 
spoon with a long handle) (Eig. 220). Note the V)nnianr‘v of the 
combustion. Now pour into the jar some clear- lime w-alau- {i.e. 
some of the clear liquid which is formed if lime and water be shaken 
together and allowed to stand. It is really a solution of lime in* 



Fio. 220, --Cai'bon bnrns in 
oxyf?en with a much brighter 
flame tlian in air. 
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water). Notice that it turns milky owing to a white powder being 
difl'used through the liquid. 

iv. The burning of phosphorus in oxygen. — Irt another jar burn a 
piece of pliosphorus about half the size of a pea, contained in the 
deflagrating spoon. Note the great brilliancy of the combustion 
and the dense white fumes. Add water and shake — the fumes 
dissolve. Into the solution put a blue litmus paper. Observe that 
it is turned red. 

V. The burning of sulphur in oxygen. -Perform, with another 
jar, a similar experiment with sulphur. There are few fumes, but a 
strongly smelling gas is obtained, also soluble in water, turning 
blue litmus red. 

Vi. The burning of magnesium ribbon in oxygen.— Ignite a small 
piece of magnesium ribbon and hold it by means of emni b|e tongs in 
a jar of oxygen. Notice the white solid formed. Test its solul)ility 
in water, and show that unlike the previous products, it will not 
turn blue litmus solution red, but will turn red litmus solution blue. 

vii. The burning of sodium in oxygen. —Put a small piece of 
sodium ^ in a dry deflagrating spoon, light the sodium, put it into 
another jar of oxygen. Observe the fumes formed. Dissolve tliese 
in water and try the efleot of the solution on litmus paper. It does 
not turn the blue colour to red, but has exactly the reverse eifect, it 
changes red litmus to blue. Feel the wat()r ; it has a soapy feel. 

viii. The burning of iron in oxygen. — Obtain a piece of iron wire 
(a thin steel watch-spring will do), and dip one end into a little 

melted sulphur, and when the sulphiir is burn- 
ing place the wire in another jar of oxygen. 
Observe that the sulphur burns and also 
starts the combustion of the iron, which con- 
tinues to burn with a brilliant shower of 
sparks. After the burning has ended, observe 
that a quantity of an insoluble solid (iron 
rust) has been lormcd. 

ix. Oxygen is soluble in an alkaline solution 
of pyrogallol. — {a) Collect some oxygen in a 
test-tube over mercury. Dissolve a little 
caustic potash in pyrogallol, so as to make 
a strong alkaKrnS" solution. Force some of 

Fiq. 221.— iTow an the solution into the oxygen by partly 
pyro^lVln b” In- with 'it, and blowing 

troduceti into a tube down the pipette when the bent end is under 
containing oxygen. the bottom of the test-tube, as shown in 
Fig. 221. 

Note that after a little while the oxygen is wholly absorbed. 

(b) Repeat the last experiment, substituting air for oxygen, and 
notice that the air is only partially absorbed. 

Properties of oxygen, — Oxygen is a gas which has no colour, 
no smell, and no taste. It has no action upon litmus paper, and is 



1 Important ! Carefully read the note on p. 834. 



NITROGEN AND OXYGEN IN AIR 


327 


for this reason said to be neutral. Ordinaiy combustible sub- 
stances burn more brightly in oxygen than in the air. 

Oxygen has no Effect on substances like sulphur and carbon 
when they are at the same temperature as the room, but if 
these elements are heated to the ]Munt of ignition the oxygen 
connhines with them very readily, causing them to burn 
vigorously. 

Some substances which will not burn under ordinary con- 
ditions can be made to burn in oxygen, and the case of iron 
affords a good example of this. Consider what the re.sult 
would be if there were only oxygon in the air. As soon as iron 
got red-hot it would start burning.' We could not in these 
circumstances use iron for our grates, furnaces, and similar 
things. 

Oxygen is not very soluble in water — one hundred parts of 
water dissolve three parts of this gas. That the amount of 
oxygen di.ssolved by watei* is veiy small is seen by the fact that 
oxygen* prepared for experiment is usually collected over water. 
But though the amoun^is small it is of great importance in the 
economy of nature, for it is due to this dissolved oxygen that 
water animals are able to breathe. Oxygen can, however, be 
readily dissolved by some liquids, such as a solution of pyro- 
gallol UL caustic potash. 

Though oxygen exists in a gaseous condition under ordinary 
conditions of temperature and pressure, yet it can, by lowering 
the temperature and very much increasing the pressure, be 
made to assume the liquid, and even the solid, state. 

Oxygen is indispensable to life. It is the constituent of the 
atmosphere which is used up in the processes of con djustio n, 
deca y, and fermentation. 

formation of-oxides explained.— Whenever oxygen com- 
bines with another element an oxide is formed. Indeed, oxygen 
is so active and powerful that it forms oxides with every simple 
substance except fluorine. 

In all the cases of burning studied experimentally when con- 
sidering the properties of oxygen, new substances with new 
properties have been formed ; they are therefore chemical 
compounds, and the experiments aftbrd instances of chemical 
action. Taking some of the experiments performed as examples, 
sulphur bur^s in oxygen a compound which has a 
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distressing smell and reddens a blue litnuis-papor is formed ; 
it is called Sulphur Dioxide. 

Sulphur burning in Oxygen forms Sulim ur Dioxide 
Similarly, when carbon burns in oxygen, a gas winch extin- 
guishes a burning taper and turns lime-water milky is formed. 
This compound is known as ('arboii Dioxide. 

(Jarbon burning in Oxygen forms Carbon Dioxide. 
Again, when iron burns in oxygen, a brown powder, which is 
really ordinary iron rust, is formed, as well as a brittle, black 
solid quite unlike the original iron. These compounds are both 
of them oxides of iron. 

Iron burning in Oxygen forms Iron Oxide 
An examination of these oxides shows that they are identical 
with the products formed when the 'substances burn in am. 


. 93. THE INACTIVE PAET OF AIR. 

1. The Inactive part of air. — Repeat the cx})eriTnent of allowing 
iron to rust in an enclosed quantity of aq; ovei water (p. 807), and 
satisfy yourself that the gas lelt Vnihuid (a) cxtinguislies a flame ; 
(h) has no action on a litmus paper ; (c) does not turn hnie-\\ atcr 
milky. 

ii. Air can he obtained agrain by mixing oxygen with the inactive 
part of air. —Again allow non to rust in an enclosed amounf ot air. 
When the volume of gas iii the lx>ttle has ceased to (linunisli, 
remove the muslin bag contdiniiig the non. Place the delivery tube 
from an oxygen apparatus, similar to that used m the expernm*nt on 
p 824 and by heating the hard glass tube bubble oxygen into tlio 
oottle until it is again full of gas. Cover tlio mouth of the bottle 
with a piece of cardboaid, lift out the bottle, and test the gas it 
contains with a burning taper . it lichaves just like air. 

Nitrogen. — gas which is left in a bottle of air after iron 
has rusted in it, or phosphorus has Imi tit in it, or in which a^iy 
one of the instances of burning which have now been studied has 
occurred, will no longer allow a candle or taper to burn in' it. 
This is one reason why it is called the inactive part of air. The 
inactive part of air does not affect damp iron at all ; that is, the 
iron does not rust when put into it. The name by which this 
gas is known to chemists is nitrogen 

Properties of nitrogen. — The gas nitrogen is very inert, 
since it can he made only with difficulty to combine with any 
other substance. It does not burn, nor will it allow other 
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substances to burn in it ; or, as usually expressed, it does not 
support comloustion. A mouse dies if put into this gas. 

/ If the negative nature of the properties of nitrogen is borne 
in mind, and is considered in connection with the very active 
powers of oxygen, it will be understood that the presence of 
the gas in the air serves the purpose of diluting the oxygen, 
weakening its powers, and making combustion much less intense 
than it would otherwise be. 

If nitrogen obtained from air be heated with either mag- 
nesium or lithium, it is found that nearly 1 per cent, of it 
remains unabsorbed This residue is another substance ]U‘esent 
in the atmosphere to the extent indicated, and called argon 
Argon is also very inei t, more so even than nitrogen. Owing 
to this, even until the year 1894, its presence in the air bad 
been completely overlooked, although, nearly a century before, 
the eminent chemist Cavendish had unknowingly obtained 
some, regarding it as an impurity which he had overlooked — 
an «exaniple of the importance of giving attention to the 
minutest details in scientific investigations. After the dis- 
covery of argon, foitr other new gases — helium, neon, kiypton, 
and xenon -were found to be permanent constituerits of air, but 
they occur in such minute quantities that their piesence need 
only be mentioned here. 

Chemical composition of air. — What may be termed the 
fundamental gases in air are oxygen and nitrogen. Argon 
and the four other new gases may fur our ]jurposes be regarded 
as part of the nitrogen. Carbon dioxide and water vapour are 
practically always present; and various other gases, or vapours 
frequently occur in small <pian titles, but these may be regarded 
as impurities, and ought not to be considered as constituents of 
pure air. The following table shows the percentage composition 
of air as regards volume ; that is, for instance, the number of 
cubic feet of the various gases present in 100 cubic feet of the 


atmosphere : 

Oxygen, a gas which supiKirts coiiihustiou, - 21 *00 

Nitrogen, an inert gas, 78 '03 

Argon, an inert gas, 0*94 

Carbon dioxide, a auffocatmg.gap, - - 0*03 

Water vapour, - " " Variable 

Nitric acid, 1 

Ammonia, V traces 

Ozone, J 
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These proportions are remarkably constant in ordinary air^ 
and it is only in localities or under conditions of an exceptional 
character that they vary to any noteworthy degree. In the air 
of nxines; the oxygen has been found as low as 18’6 per cent., 
but this represents almost the lowest percentage of oxygen ever 
obtained from a place where human beings could live. In the 
midst of vegetation, or open ground, especially in the daytime, 
oxygen is present in tlie proportion of about 21 per cent., but 
never more. 

Nitrogen not only serves to tone down the activity of oxygen 
as a suiiporter of ciimbustion,' but it is" aleo^-tmeful to the trfe of 
plants. A. few lowly plants appear to absotb nitrogen direct 
from tlie air, but the majority of them obtain it indirectly 
as the result of the ai^tion of bacteria existing in the soil or 
in their roots. 

The proportion of eai bon dioxide rarely exceeds 3 parts in 
10,000 in pure air, and is not often less than 2*7 parts per 10,000. 
During the night the proportion is slightly greater than in the 
day. In the streets of a town the amount of carbon dioxide 
only exceeds the average amount of the open country by about 
1 part in 10,000. In rooms, however, and badly-ventilated 
places, carbon dioxide is often greatly in excess, and oxygen 
IS present in a much smaller proportion tlian it ought to be. 
Carbon dioxide is not essentially a poisonous gas, but it is often 
found in bad company, and when it occurs in excess the air of 
which it forms a part is unlit to breathe. 

Air always contains a certain propoition of invisible water 
vapour, and when the air is cooled to a sufficient degree tins 
vapour becomes visible in the form of mist, fog, clpud, rain, or 
other familiar forms of water (p. 193). Ozone is a peculiar form 
of oxygen, and is usually present in the air of the open country •• 
or over the sea, but not in that of towns 

In addition to these and other gases, numerous minute solid 
particles are suspended in air, some of them being living germs. 
They are more abundant in the town than in the country. 

The air is not a chemical compound, but a mixture of 
gases. — In proof of this statement, the following facts and 
experiments may be cited ; 

1. The composition of a chemical compound never varies^ 
vjiilc the composition of air does vary slightly. 
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2. Whenever a chemical compound is formed, a certain 
amount of heat is developed, and there is generally a change 
of volume, wlen, however, oxygen and nitrogen are mixed 
in the proportion in which they occur in the air, there is no 
evolution of Jhpat or change of hulk, though the mixture 
cannot be distinguished from air. 

3. The proportion in which oxygen and nitrogen are mixed 
in the air docs not bear any simple relation to their com- 
bining weights, whereas in the case of every true chemical 
compound, the amounts of the constituents always bear some 
simple i*a^..to these weights. 

4. Wfien air is shaken up with water, some of it is dissolved. 
If air were a chemical compound it would be dissolved as a 
whole ^ and therefore the dissolved part would have the same 
composition as the undissolved part But this is not found 
to be the case. The air dissolved in water can bo expelled 
by heat, and if it is collected the oxygen in it is found to 
be more in proportion to the nitrogen than it is in ordinary 
air, thus showing ihat water dissolves more oxygen than 
nitrogen. 

Ordinary air consists of about one-fiftli oxygen and four- 
fifths nitrogen by volume; but .iii expelled from water contains 
about one-third oxygen and two-thirds nitrogen. 

5. When air is liquefied by intense cold and great pressure, 
and the liquid air is then permitted to evaporate, the nitrogen 
is first given off, so that the liquid becomes richer and richer in 
oxygen. If air were a compound, no one part of it would be 
more volatile than the other. 


CHIEF POINTS OP CHAPTER XXIV. 

Oxygen . — Oxygen is the active part ot the air. When red oxide 
of mercury is heated it decomposes into mercury and oxygen. 
Oxygen can also ho obtained by heating potassium chlorate, when 
potassium chloride, a substance very like common salt, is left 
behind. 

Oxides. — When some simple substanees are heated in oxygen they 
unite with it, forming oxidfs. Thus • 

Iron and oxygen form an oxide of iron. 

Phosphorus and oxygen form an oxide of phosphorus 
Carbon and oxygen form an oxide of carbon. 

Sodium and oxygen form an oxide of sodium. 
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Some oxides unite with water to form acids^ which turn blue 
litmus red ; the oxide of phosphorus is an example. 

Other oxides unite with water to form (jdkcUine'sohUiom^ which 
have a soapy feel and the powder of turning reddened litmus blue 
again ; the oxide of sodium is an example. 

Nitrogen. —Nitrogen is the inactive part of the air. It makes up 
80 per cent, (roughly) of the volume of the atmosphere. It is very 
inert. It neither burns nor allows things to burn in it. It is left 
behind when substances burn in air. 

Air. -The air is a mixture, of gases and not a chemical compound. 
Its chief constituents are nitrogen, oxygen, argon, carbon dioxide, 
and w’ater vapour. 


EXEBGISES ON CHAPTER XXIV. 

1. What arc the chief properties of oxygen ? 

Describe tho experiments you w'ould make to illustrate these 
properties. 

2. Oxygon and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief tliat they are not combined 
together chemically, 

3. Dcsoribe experiments which prove that 'air is composed of at 
least two diderent gases. 

4. How would you show by experiments that only one part of the 
air is concerned in {a) burning, {b) rusting ? 

5. State approximately what the difference in coropositicn is 
between ordinary air and ** dissolved air ” which has been expelled 
by boiling from solution in water. 

6. Describe and explain the various methcnls with which you are 
acquainted by means of which air can be deprived of its oxygen. 

7. What is left behind as a gas when phosphorus bums in a closed 
vessel ? What properties has it ? Has it oeen made to conihine 
with oxygen ; and, if so, how ? 

8. Lead forms tliree well-known oxides. Describe the appearance 
of each substance. How does the proportion of oxygen diner in the* 
three kinds ? 



CHAPTER XXV. 

WATER AND HYDROGEN. 

94. ACTION OF METALS ON WATER. 

1. Iron becomes rusty in water containing dissolved air.— Leave 
a piece of clean iron in water for a few days. Notice that rust 
forms upon it. 

ii. Iron in boiled water does not rust. — Boil sonic water in a flask 
or clean Siuicupan for some time so as to drive out tlm dissolved air. 
Obtain a wire-nail, or a steel pen-nib, and» after washing it in soap 
and water to remove oil, dry it, place it in a bottle, and quickly fill 
up the bottle with the* lioiled water. Insert a tightly -fitting india- 



rubber stopper, being careful to enclose no air between the stopper 
and the top of the water. Place on one side, and examine the iron 
after a few days. No rust will be seen. 

ill. Action of heated iron on water. — Place some iron filings in a 
hard glass tube, having at each end a cork through which a short 
glass tube passes (Fig. 222). To the end (7 fit a delivery tube from 
a flask containing water previously boiled to drive off the dissolved 
air, and to the other end fit a short piece of rubber tubing. Hea4^ 
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the iron filings well, and boil the water lu the flask so that steam 
passes over the heated iron, and then into the water, where it con- 
denses. Now place over the end of tho tube A '’an invcfted jar of 
water, and note that the steam is not completely condensc<l, but 
that minnto bubbles ascend U) the top of the test-tube. When 
you have so obtained a siitlicient quantity of gas (a few cubic centi- 
metres), first disconnect C from the flask of water, tlien stop the lx>il- 
ing. Close the end ot tlie jar with a glass plate. Hold a lighted 
match to the mouth of the jar and take away the glass plate. 
Observe that tho gas burns. Kvamino the iron nliiigs m the hard 
glass tube, and see that a (quantity of rust has been formed. 

IV. Action of sodium on water.— riace a small piece of sodium ^ in 
water in an evaporating liasin, and quickly put a large glass shade 

over tlie lattei ; observe 
the action. Feel the water 
left after the S(Kliiim has 
all disappeanul, and test 
it with led litmus. Eva- 
porate away the water. 
Nf>ie the icsidue. 

V. Collection of the gas 
which sodium turns out 
of water. — Place a small 
pi(«ce of sixluim in a small 
piece of lead tubing, tho 
ends of which are nearly 
closed, and gently drt)p 
tho lead into a pan of 
water. A gas isi seen 
to come off (Fig. 
Collect this in an inverted 
tube full of water, and 
by this means obtain tliree 
Fkj 223. Sodium combines with the oxygen test-tubes ot the gas. Ob- 
of water and tin iih out the hydrogen. servo that the gas IS 

colourless and odourless. 

Vi. Examination of the gas produced hy tb** pf 

upfiSLjvater. — Take out two of the tulies and hold them for the same 
time, say 30 seconds, (1) with month up, (2) with mouth down. 
Then apply a light to the mouth of lioth. 

Now try the 3rd tube, holding it mouth down, and place a 
lighted match up into the tul»e. Note that the gas docs not explode, 
but bums quietly, while the match is extinguished. 

Chemical examination of water.— Before proceeding to 
study the chemical behaviour of water it will be well to 

I Gieat cai e must bo taken when using sodium, which must never be allowed to 
touch damp materials It is kept under naphtha until used, and should never be 
handled with the fingers It should be dried by blotting-paper when taken from 
(*ho bottle and cut with a clean knife, the pieces not used being immediately 
replaced in the bottle. 
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recapitulate what has been already learnt about it. Water is a 
clear liquid with a blue-green colour, best seen by causing light 
to pass through'a considerable length of it. It boils at 100® 0., 
and 18 then converted into steam. It freezes at 0® (J., becoming 
ice. Its density is 1, i.e, the weight of 1 c.c. is 1 gram at 4® C. 
and slightly less at any other temperature, owing to the fact 
that water expands when cither cooled below or heated above 
4® C. It has the power of dissolving many substances — e g, salt, 
sugar, etc. — forming solutions from which the water may be 
evaporated away, leaving the solid behind But these facts tell 
nothing of the chemical nature of water. By suitable 
experiments, however, the mutual action between water and 
some other substances may result in entirely different products. 
It has been seen that when iron is left in water it forms a con- 
siderable quantity of rmt. But this may be due to the air 
which may be dissolved in water, for if the iron be placed in a 
tube containing water, which has first been well boiled to drive 
off the air, and the tube is then sealed in a blow-pipe, the iron 
either does not rust ay does so to only a very slight extent. 

If, however, the iron is heated and water is passed over it in 
the form of steam, in the manner described in Experiment 94 iii., 
a chemic.il action begins which teaches several important facts 
abou^ the composition of water. Not only do the iron filings 
become rusty, just as they do when exposed to damp air, but a 
gas, insoluble in water, which can be collected over a trough, 
as shown in Fig. 222, is obtained. This gas burns when a lighted 
taper is brought near it. 

Action of sodium upon water.~It has been seen that from 
steam and iron it is possible to obtain iron rust, that is, iron 
oxide, and an inflammable gas. This fact suggests that water 
contains this inflammable gas as well as oxygen, and a way to 
test this is to find something which has a powerful chemical 
attraction for oxygen, for, if this substance is placed in contact 
with water, it will take up the oxygen and leave the other con- 
stituent or constituents of water. Such a substance is the 
metal sodium. 

When a small piece of sodium is thrown upon water it swims 
about on the surface with a hissing^jinise ; and the solution, 
after the sodium has all disappeared, has a soapy feel and turns 
red litmus blue. In this case it can be seen only that the actiotf 
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is energetic and a new product is formed, while the soapy feel of 
the water and its action on litmus appear to indicate that this 
product IS the same as that obtained when sodium is burnt in 
oxygen and the fumes formed are dissolved in water. If the 
pellet of sodium is enclosed in a piece of lead piping, the ends of 
which are flattened, the gas comes off in such a way that it can 
be collected with ease, and is then observed to be colourless and 
to have no smell. If two tubes, which have been filled with the 
gas (Fig. 223) and held for thirty seconds, one with its mouth 
upwards and the other with its mouth downwards, have a 
lighted match applied to them, it is found that there is no effect 
with the first tube and a slight explosion with tlie second. 

Tlie slight explosion of (2) shows it to contain an explosive 
gas, while the absence of any effect with (1) shows that the gas 
has all disappeared Hence, it is seen that the gas escapes from 
a tube held mouth upwards, but not so quickly from one held 
mouth downwards. It is therefore lighter than air, being in 
fact the lightest gas known. 

[f a third tube of the gas is examined in the saiijip way, 
iinincdiately on taking it out of the water, the gas does not 
explode, but burns quietly. 

95. PBEFABATION AND PBOPEBTIES OF 
HYDBOGEN. 

1. Preparation of hydrogen. — Select a flask and fit it up as is 
shown in Fig. 224. Bo very careful that tlie stopiicr and the tubes 
1 espectively fit very closely. Into the flask put enough granulated 
zmo to cover the liottom. Pour some water upon the zinc. Arrange 
the delivery tube in the trough as when niakiiig oxygen. Pour a litUe 
sulphuric acid down the tl iiatle-headeii aMd.4uaadl} and be quite 
sure that the end of the funnel dips licneath the liquid in the flask. 
Do not collect bottles of the gas until you are sure pure hydrogen is 
being given off, which you can find out in this way. Fill a test- 
tube with water and invert it over the end of the dclivfi£y..tul)e. 
When it is full of gas, still holding it upside down, take it to a 
flame (which should not be near tlie flask in use) ; notice that 
there is a slight explosion. Continue tins until the hydrogen burns 
quietly down the test-tube. When this happens proceed to fill one 
or two bottles. W^hen the bottles have been filled, it is better not 
to remove them from the water until you want to use them. Collect 
also a soda^oKat^r bottle half full of the gas. 

Caution . — ffe cartfvl not to bring a light mar the thistle funn^ or 
tube delivering the gas^ even, when the action in the flask se&^ ^61!ave 
^aeedy or a dangerow explosion may occur. 
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Be careftd also that none of the acid used gets v/pon your fingers or 
dothing 

11 llie liquid le^ iu the flask — ^Filter off the liquid in the flask 
from the undissolved zmo (sufficient zinc should be used to leave a 



Fio 224 —Zinc turns hydrogen out of dilute sulphuric acid. 

quantity still undissolved if all has disappeared add more and wait 
till the action ceases) Partially evaporate the liquid and allow it 
to crystallise A quantity of clear colourless crystals are formed 
Examine them and sketch the most perfect Heat some of the 
crystals fh a tube and ooserve that they melt give off water (which 
can be collected and proved to be water) and leave a white powder 
ill Hydrogen hums but 
extinguishes a flame — Test 
one lar of the gas by means 
of a lighted match or taper 
Observe that the gas bums 
at the mouth of the jar 
and that the taper is ex 
tinguished when thrust into 
the tube on being taken 
out» the taper again be 
comes alight on passing 
through the flame of the 
Ifbrmng hydrogen (Fig 225) 
it ^<&og«n is lighter 
than air — ^Take a full jar 
of the M and hold it mouth 
upu^aros below a second 
smaller lar held mouth 
dqwnwamSf as shown in 
Big 2^0 Oh testing with 
a ^ taper observe 

the gas has left the lower 
amitsy as the fllling of 



Fio 225 —The hydrogen burilia at the mouth 
of the jar but the candle Is extinguiahed 
when inside the jar of hydrogen 


ar and filled the upper Many 
b aHogyn B or soap bubblaSr hiay 
^ Mribrmod to dembustrate theextremely low depsity of 
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Fig. 220.— Hydrogen is lighter 
than air and can be poured up. 
wards. 

with a squeaking 


V. Hydrogen forms an e xplosiv e mixture with a^.-— Wrap your 
haiifTTu a diistej; and with it hold the 
.soda-water bottle (Ejait. 95 i.). Take it 
out of the water so that the water runs 
out, and the bottle is now filled with 
a mixture of hydrogen and air. Apply 
a light and you will not fail to observe 
that an explosion results. 

Vi. The flame of burning hydrogen.— 
Fit a right-angled tube drawn out to 
a point to a hydrogen generat or, as 
shown in Fig. 227. After pouring a little 
sulphuric acid down the thktlajupnel, 
collect a test-tube of the gas issuing from 
the straight tube, and lufid the mouth of 
the test-tube near a flame, which must he 
a few feet away from the generator. The 
gas will at first go off with a po'^ or burn 
^ noise, but after two or three trials it will bium 
quietly, with a bUie flame. When you can carry this fame of burning 
hydrogen to the apparatus from which the 
gas is being produced, do so, and use it to 
ignite the gas escaping from the pointed 
tube. If you remember always to do this, 
there can be no danger, for when you are 
able to carry a flame of hydrogen in a test- 
tube of the gas, for a distance of two or 
three feet to the generating apparatus, 
you may be sure that the hydrogen issuing 
from the apparatus is not mixed with air. 

Light the hydrogen in this w'ay. 

Observe that itliurns with a pale blue 
flame, which after a time becomes yellow. 

This coloration is due to the glass becom- 
ing hot, and some of the substances in it 
being burnt in the flame of hydrogen. 

vii. Hydrogen can be collected by upward 
displacement. — Substitute for the delivery 
tufe iiFTCxpt. 95 i. a tube bent twice at 
right angles, as shown in Fig. 228, and 
arrange a jar on a ret ort -stan d, in an in- 
verted position. Plade a teS-tube over 
the upright tube, and allow it to stay there 
for a minute, and test the gas as described 
in Expt. 95 i. When it is pure, suKstitute 
the inverted jar, and after a few minutes 
lift it off the .stand and apply a light, first 
taking the precaution to wrap a duster 
round the jar and to hold it away from your Fio. 227 . 
face. The jar wfill be found to contain obtaining a iiumc h^ai uycu. 
Irydrogen . 
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Preparation of hydrogen in large quantities.— It has been 
seen that from vs^ter and sodium it is possible to obtain an 
inflammable gas, lighter than 
air, which does not support 

combustion ; and a solution | i I 

which behaves like the solution y I i I 

of sodium oxide is also formed. j' I 

The most natural inference is | i 

that the water contains this in- g J I 

flammable gas, which is called 1 1 
hydrogen, combined with oxy- J ik JL 

gen. Befoi’e proceeding to JSSt 

verify this, it will be well to pt 
examine more carefully the If [ M. 

properties of the inflammable 

gas, and to do this it is neces- 228._Hrdrogen bcin? lighter 

sary to collect the gas in greater air can be collected by upward 
quantity than hitherto. It is 

prepared by acting upon dilute sulphuric or hydrochloric acid 


with zinc or iron, the former metal being generally used. 

The apparatus suitable for the preparation of hydrogen in 
this way is described in the experimental work (p 33fl). Owing 



Fin. 229.~Crystais of zinc sulphate. 


to the slight solubility of hydrogen in water, it can be collected 
in the same way as oxygen over the pneumatic trough. If, when 
the chemical action in the flask has completely' stopped, the 
liquid is filtered from the still undissolved zinc, as previously 
explained, and then partially evaporated in a basin and after^ 
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wards allowed to crystallise, a quantity of clear colourless 
crystals is formed. These crystals melt if «heatocl in a tube, 
give off water, and leave a white powdei*. They consist of a 
compound formc<l fi’om the zinc and part of the sulphui’ic acid 
and are known as zinc sulphate (Fig 229) 

We may therefore state that milphtric acid and zinc form 
hydrogm and zinc svlphatc. Or, the same fac.t may he expressed 
in another way . 


Sulphuric 

Acid 


when 

acted 

upon 

with 


Zinc gives 


Zinc 

Sulphate 


and Hydrogen. 


Water of crystallisation. — Many crystals behave like zinc 
sulphate on being heated, i c, they lose watei which they pie- 
viously contained, and become converted into a ])<>vvcler. ^The 
^ater contained in a crystal and evolved on heating is known 
as water of ci^staUlsation. Some substances, like blue* vitriol 
(copper sulphate), change in colour when their water of crystal- 
lisation IS driven out by heat ; but the ’'colour can be regained 
by adding water. 

Properties of hydrogen.— Having now a means of obtaining 
hvifrdgen'IrriT H ffndenible -quantity, it can he observed tha t it is 
a colourless, odourless gas, considerably lighter than air; it 
burns, but does not support combustion, and it forms a highly 
explosive mixture when mixed with au> It is now necessary to 
obtain and examine the c*om pound which is produced by the 
burning of hydrogen — that is, the oxide of hydrogen. ^ 


96. WHEN HTBBOGEN BUBNS WATEB IS FOBMEi). 

i Water is formed by burning hydrogen.— (n) Arrange a flask as 
before for the pi-cxluction of hydrogen. Pass the gas thiough a tube 
containing chloride of calcium in order to diy it thoroughly. Allow 
it to hum under a retort which is kept cool by a stream of W'ater 
flowing in at the tubule and out at the end of the neck (Fig. 230). 
Observe the formation, on tlio outside of the retort, of a clear liquid 
which collects and drops into a lieaker placed to receive it. By 
this means sufficient of the hquul can be obtained to identify it, 
especially if several students add together the lujuids formed in 
their experiments 

{b) Take the density, freezing point (a mixture of scxlium sulphate 
and hydrochloric acid forms a cjonvement freezing mixture), and 
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boiling point of the liquid formed burning liydiogen. You will 



Fio ^30— The water foimed when hydrogen hmna ni the air cau bo 
collected and examined. 


find those arc 1, 0" C , rind 100° C. rospootively, and those results 
are aulliinent to enable it to be stated that the liquid is identical 


with pm e water 
ii. Analysis of water. 
— This may he done by 
means 'of an electi’ic 
battery for gcneiatnig 
the eleetrie current, and 
Q,vofiametvi\ The latter 
is most simply made by 
closing the bottom of a 
funnel by means of a 
tightly- fitting coik 
through whioh pass two 
pli^tinum wires with 
small plates of platinum 
attached to the ends 
remaining in the funnel 
(Fig. 231). Over these 
plates are supported 
two glass test-tubes of 
equal capacity, and the 
tubes and pirt of the 
funnel are filled with 
water to which has Iwen 
added a little sulphuric 







Pig. X' voitamoter in whicli water can ba 
analysed by the electric current 


aoid, as otherwise the liquid offers great resistance to the passage 
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of tlie electric current. The wires from a battery of thi’ee or four cells 
are coiiuecsted with the ends ot ilie platiiiiiiii W'lies, and as soon as the 
connection with the l>attery is complete, providwl there is clean 
metal at ovciy junction, bubbles of gas aie seoA to use fiom eacli 
platinum plate, and to ascend into the tube and displace the con- 
tained liquid. After the expfu’imeiit has gone on for half an lumr, 
the gasf's may be tested and tlieii volumes measured It Mill be 
found that the volume of one gas is double that of the other, and 
that the gas of wdiich there is the laiger amount is liydtoqev^ wliilst 
the other is oxyr/eii. 



Formation of water by burning hydrogen. ~W lien a jet of 
burning hydrogen is brought into contact with a cold surface, 
such as a cold glass, the pioduct of coin- 
/Oi bustioii, the oxide of liydrogen, is con- 
densed. If after a suflicieiit quantity of 
/ the li(juid has been collected it is examined, 
\it IS found to have a density of 1, (/>) to 
/freeze at ()“(*., and (c) to boil at lOO'^C. 
\rhcse arc tlie physical characteristics of 
rwater and of no other substance, so Ave ai4 
justified in stating that this Iniuid, formed 
when hydiogeii biifns, is M'atcr 

Previous experinicnts ha\e indicated 
tliat water contains hydi<»geii and oxygen, 
so that it can now be said that Hydrogen 
in burning produces water, wblcb is, there- 
fore, an oxide of hydrogen. 

Proportions of oxygen and hydrogen 
in water. — The propoi tions in winch the 
oxygen and hydrogen combine during the 
formation of water must n()v\ be considered. 
This may be done in either of two ways — 
viz. by finding the weights of the gasew, 
oFby finding the volume of the gases, which 
combine. For the latter purpose it is neces- 
sary to measure out definite volumes of 
oxygen and hydrogen, cause them to combine, then measure the 
volume of gas wliicli i-ernains uncombiried anil ascertain w^hich 
gas it is. This is usually done in a piece of apparatus known 
as a eudiometer (Fig. 2*32). In its simplest form this consists 
of a long glass tube closed at one end and graduated in equal 
volumes, usually cubic centimetres, by divisions marked on the 


Fio 232.— A '^mple 
form of eudi<jiiict«|^The 
arrangement of tMe pla- 
tinum wires is shown 
in the enlarged top of 
the eudiometer. 
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crlasa. Till* mgh oppomte aides of the tube, at the closed end, pieces 
of pUtiiiniu wire are passed and fused into the glass, being so 
arranged that tltey do not (pate touch one anothei. Outside 
the tube the idatinuiu wires are bent into loops to which wires 
from an electric coil may lie attached so that an electric, spark 
can be passed between the ends of the ])Litinum wires inside 
the tube to explode the mixed gases The elfect is not essen- 
tially electrical. The spaik simply served the purpose of 
raising the teniperatuo of the mixtuie to the })oint of ignition. 
Using an instniiiicnt of tins kind, it can be proved that 
2 volnmeB of hydrogen combine with 1 volume of oxygen to 
,form water. 

a process as this — the formation, that is, of a compound 
from simpler materials— is known as a synthesiB. 

The same fact may also be found by the analysis of water — 
that IS, by breaking the Iniiiul up into its components, which 
can be done by means of an ele<*tric current. The apparatus 
^howfl m Fig. 231, and called a voltameter, may be used 
Water slightly acidulated t(» lender it a conductor of elec- 
tricity has an jloctnc cuirent passed through it between 
electrodes of ])latiuum. The electuc current tears apart the 
constituents of water and liberates them separately, one from 
each jslectrodo. At the electrode where the current enters 
the lujuid, called tho ^anode, ox ^> gen is set free, while hydrogen 
bubbles from the kathode. / If the gases arc collected in two 
test-tubes inveited ovei the electrodes, it will soon be obvious 
that the decomposed water yields two volumes of hydrogen 
to each volume of oxygen. Such decomDOsibu m o r brea king up 
of chemical compounds by means of an electric cuiiellL iS CllHuQ 
^ elect rolyg lB. Tliis nietb(Kl of analysis is applicable 10"" many 
Atfierchemical compounds as well as water. Electrolysis is 
not only of scientific interest, but of great commercial and 
industrial importance. 


97. COMPOSITION OP WATER BY WEIGHT. 

1. Action of hydrogen on heated copper oxide. —Arrange an 
apparatus like that sTiowm in Fig. 233, in Inch a flask A for the 
making of hydrogen is coimcctod vrith the bottle B containing strong 
sulphuric acid. The passage of the hydrogen through the strong 
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acid completely dries the gas. A small amount of the black oxide 
of copper 18 jilaced iii the liaixl glass tube AC, which is about 1*5 
centimetres m diameter, and fitted u ith the tube I) in the manner 
shown. When you are sure that pure dry hydrogen is escaping 
from the open end of 1), heat the oxide of copper in the tube by 
means of the burner E. In a few minutes moisture will bt‘ seen to 
collect in the tube 1), and piesently to drop into the disli jiiit to 
collect it. ‘ . 

Examine the residue in the hard glass tube*, and note its change 
to a reddish colour ; this is due to the presence of cojiper 

Rearrange the axiparatus, using the U-tube O in tlie place of the 
tube D. ^ The U-tul)c O containing lumps of calcium chloride is 
employed to collect the water formed. 



Fi(i 233 — Whon hydiogen is passed overheated oxide of coppenit 
extracts the oxygen, with which it forms watei, and loaves coiiper 
behind. 


11. Cojnposition of water. — Put some copper oxide into the tube 
AC, and carefully weigh the tube. fcJimiUily the weight of the 
U*tube G and its contents must also be determined As in the 
last experiment, when you are suie puie diy liydiogen is escajniig 
from the open end of G, heat the copper oxide by means of the 
laboratory burner Be sure that all the water tprined is collected 
by the U-tube.' If any condenses at the end of the hard glass tutfe 
Ac, drive it over by heating the tube at this place. 

Allow the tube A to c<x)l. Disconnect it at A and C, and again 
determine its weight and that of its contents. Notice the dim- 
inution in weight. Also weigh the U-tube again, and observe its 
increase in weight. 

Belatire weights of the constituents of water.— To find 
the composition of watei* by weight — that is, the weights of 
oxygen and hydrogen which combine to form water— -it Should 
be noticed that we only require the weights of two out of the 
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three substances concerned, ix, if we know the weights of 
hydrogen and water (or of oxygen and water), the weight 
of the oxygen (o? hydrogen) is readily calculated. The experi- 
ment is done by finding the weights of the oxygen and water, 
and for this it is best to use, not oxygen itself, but some oxide 
which readily gives up its oxygen to the hydrogen, so that by 
weighing the oxide before and aftei the experiment we can 
ascertain the weight of oxygen which it has lost. The oxide 
used for this purpose is usually oxide of co])per, a black powder, 
which it has been seen is obtained when air is passed over red 
hot copper. Pure dry hydrogen is passed over the heated 
oxide, and it combines with the oxygen of the oxide to form 
water and leaves the copper behind. 

By weighing the water produced and subti acting from it the 
weight of the oxygen used, the weight of the hydrogen can be 
found. If the experiment is carefully performed it is found 
that water is formed of* eight-ninths its weight of oxygen with 
one-nlhth its weight of hydrogen. 

This experiment, also taken in conjunction with other experi- 
ments upon the volumes of the gases, proves further that any 
volume of oxygen is 16 times heavici than the same volume of 
hydrogen. 


9a H4E&D AND SOFT WATERS. 

i. Solution of ^halk in water.— P<iss tin* gas obtained from an 
apparatus like that shown m Fig. 234 containing pieces of maihle on 
which hydrochloric acid has been jamicd, into clear lime-water until 
the solution is clear again, alter first beeuniing milky. Boil a part 
of the clear solution in a tcst-tul)e. Ohseive the return of the 
milk mess. What is the cause ? 

• Boil in a tlask a little natural water which is hard because of the 
presence of chalk ; observe that the water becomes milky. 

ii. Soap 9 (d.ution to test the hardness of water. - -Dissolve some 
Castile soap m apiiits of wiiic and laliel the solution solution.” 
Add a few drops of soap solution to distilled wafiDr." BHake The 
mixture. Notice a lather is easily formed. 

ill. Temporary and permanent hardness jof water. — {a) Add soap 
solution to some of the clear solution obtained by passing carbon 
dioxide for some time through lime-water (Expt. 98 i.). Shake the 
TSirxturc, and ohservi' that a lather is formed only after a consider- 
able quantity of soap solution has been added. 

(&) Similarly show, that it is difficult to mal^e a lather with a 
solution of calcium chlonde. 
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(c) Boil portions of the Holiition in the last t\K) ex])erinients before 
adding the soap solution. Soap Idthcis in the tirst solution <jui to 
easily after it has been hoih*d ; boiling makes up difference to the 
second solution 



Fia, 284, — When carbon dioxide is passed into clear limc-watoi, the 
watei turns milky, and afterw.uds clcais '^Hic milkniCKw is .igdiu 
obtained by bulling tho lime-watui 

•1 

iv. Hardness of sea-water. —Try whether the soap solution foims 
a latliei when shaken up with sea-watei Docs hoiling make any 
difference ’ 

Natural waters. — The great solvent power which water 
possesses has been studied already. It is iii conseipience of 
this that perfectly pure water does not occur naturally. At 
the moment of its formation raui is pure water, yet no sooner 
is it formed than it begins to dissolve various substances. Ife 
its passage through the air it takes up varying amounts of the 
gases which make up the atiiK»aphere, such as oxygen and the 
gas called carhon dioxide. When the surface of the earth 
is reached, the water dissolves portions of all the soluble 
ingredients of the soil and the underlying rocks. The most 
soluble bodies are, of course, dissolved to the greatest extent. 
The solvent power of water is considerably increased by the 
presence of the carbon dioxide it dissolves, partly fre^ the 
and partly from the sOi) ^ 
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The sea, from long contact with the earth and the soluble 
substances in it, is charged with dissolved matter, so that its 
water is salt. The fresh waters of iiveis and springs have only 
a small proportion of the substances whicli give the strong 
taste to sea watei. 

The substances dissolved are chiefly sulphates, carbonates, or 
chlorides of calcium, sodium, and magnesium, the quantity 
present varying from 0*05 grni. to 3 grm ])er litie. River water 
always contains less dissolved matter than spring or well water. 
We can understand why this is so by remembering that rivers 
are chiefly fed by suiface water, that is, water which lias not 
been in contact with the mineral substances through which 
spring water passes on its way to the surfac*e. 

The impurities in river water may be of two kinds, suspended 
and dissolved. The former, winch consist of insoluble sub- 
stances and cause the muddy appearance of rivers after rain, 
may be removed by liltratifin. Dissolved impurities are 
sepaiiated from the w^ater when it is evaporated. If the 
escaping vapour be comhuised, pure w^ater is obtained. 

The chief substanc8 in sea water is I’ommon salt, and in some 
countries, where this compound is not found in mines, as it is in 
England, the sea water is eva])orated and the crystals of salt 
as they form arc removed and dried. The liiiuid remaining 
contams magnesium chloride. In England it is the custom some- 
times to flood the salt mines with water, allow it to remain till 
saturated with salt, and tlien to puiup the salt solution, or brine, 
to the surface and evaporate it in largo flat iron vessels called salt 
pans. The salt is thus obtained either as a fine wdiite crystalline 
powder or in largo crystals according to the rate at which the 
evaporation proceeds and to the time during which the crystals 
are allowed to remain in the liquid after they are formed. 

When a natural water, other than sea water, is strongly 
charged with dissolved substances it is called a min eral \^ter. 
Waters which contain acompound of sulphur and hydrogen, called 
sulphuretted hydrogen, are spoken of as sulphur waters ; if some 
i-ompound of iron is the substance wdiich has been taken up in 
large quantities, w^e have chalybeate waters formed. Effervescent 
waters contain a great amount of dissolved carbon dioxide. 

Hard and soft waters.- -It is a fact familiar to every one 
tliat soap lathers very easily in some waters and not at sj] 
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in others If rain water be used, the lathering takes place 
with great ease, while with the water which is supplied to some 
towns a lather can ohly be made with difhctilty and if we 
attempt the same process m sea water there is no lathering at 
all Those waters in which soap lathers easily are said to he so£L 
When this is not the case the water is spoken of as hard. The 
explanation is a simple one Water dissolves materials out of 
the rocks below the soil, and often takes up, among other 
things compounds of calcium and magnesium which unite with 
soap forming a new compound of an insoluble kind and, in 
consequence, there is no lathering until all the calcium and 
magnesium have thus combined with soap, after which the 
solution and lathering of the soap begins The soap which com 
bines with the dissolved materials is of course asted 
■ hardness —Hard waters differ 

among themselves Some can be softened by mere boiling, and 
when this is the case the hardness is said to be temporary If 
the hardness is not removed after the water has been bhiled 
and the water requires the addition of a chemical to soften it, 
such hardness is termed permanent As has already been men 
tioned, the presence of carbon dioxide in water gives it the 
power of dissolving substances which would be otherwise 
insoluble in it Chalk, known to chemists as calcium carbonate, 
IS insoluble in pure water, but in water in which there is carbon 
dioxide it dissolves to a considerable extent As soon as this 
dissolved gas is got nd of, which can be done by boiling, the 
chalk, being no longer soluble, is thrown down upon the sides 
of the vessel It forms in this way the incrustation which is 
found on the insides of kettles and boilers 



(Fig 235) 

Permanent hardness is due to the 
presence of dissolved calcium sulphate 
and other compounds Since these sub 
stances are soluble in pure water, mere 
boiling will not get nd of them 
mg s^ a, which is a form of somum 
carbonate, softens such water as this by 
causing the formation of calcium carbonate m the place of the 
oaicium sulphate 


Fio t285 —The deposit or 
fur in a kettle consists 
chiefly of chalk. 
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l]^tilUatiTan of water — If the steam which is formed by 
boiling water (wntaining any dissolved substances be con 



Fio 236 —A simple arrangement for distilling water 


densed, the water formed is quite pure To obtain pure 
water from any kind of water, then whether fresh or salt, 
all that has to be done is to boil it and condense the steam 
which is given off The dissolved m ateria ls are all left behind 
in the vessel in which the boiling takes place An arrange 
ment for condensing steam or vapour is shown in Fig 
The steam driven off from the water in the retort passes into 
a flask kept cool by resting upon a basin of cold watei and 
IS thus condensed 
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Wajfiir 18 a clear liq pid with a blue green colour It boils at ] 
when it IS converted mto steam It freezes at 0 C becoming ice 
Its at 4 0 IS 1 It possesses great solvent power 

Prepaxfttion of hydrogexL— Hydrosen is best premred by acting 
upon a dilute acid with a metal Sulphuric acid ana zinc have been 
found to be suitable a ^ ^ ^ 

Prgporties of hydrogen —It is a colourless odounesgt gas, con 
Siderably lighter than air It does not support combustion but 
Itself bums in air It forms an ex plosive npf tore when mixed with 
air or oxygen 

, FrgidiMtton of oxide of hydrogen — By collecting the product 
oomb^tion when hydrogen is burnt, and examining it it is fo‘^~ 
to be a clear liquid with density 1 boiling point lOO C , frt 
point 0 0 The product or oxiae of hydrogen is thue seen to * 
really water Bydrogen %n hrnitng produces watert wktch $$ 
fm, ^ oxnde qf hudrggm^ 
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C oM^p oaltion of water by yolime. — This can be determined by 
means of a Two of hydrotjeK combine with one 

yol/nme of oxyr/cn to form water. 

' The Jiaialysis of water is effected by passing an el^tric current 
througli water contained in a roliamcfer. 

Composition of water by weight. —Pure dry hydrogen is passcMl 
over heated oxide of copper. The hydrogen combines with the 
oxygen of the oxide, forming water, and leaves the metallic copper 
behind. IMie water formed is collected and weighed. ' The copper 
oxide is weighed before and after the experiment. Its loss in weight 
shows the amount of oxygen in the water formed. "Jlie difference 
between the weight of the water formed and the oxygen it contains 
tells ns the weight of the hydrogen in the water. Wlien carefully 
performed, the experiment shows thfitvmferisfo7'm^,d of eight-nintha 
its weight of oxygen and one-ninth its vmght of hydrogen. 

Natural waters generally contain dissolved materials. When the 
amount is very large; the; water is e;alled a mineral wateft\ Natural 
waters containing sulphure'tted hydrogen are calle;d mdphnr waters ; 
those containing cemifKmnels e^f iron are called chalyheale waters ; 
and those containing much carbon dioxide are spoken of as effertm- 
ceni. 

Hard and soft waters. -Those water s in which soap lathers easily 
are said to be soft. When such is not the; rase the water is spoken 
of as ha7'd. Hard waters which can be softened by boiling are said 
to have temporary hardness. If the water cannot be thus softened, 
but requires the addition of a chemical, its hardness is said to be 
permanent. 


QUESTIONS ON CHAPTER XXV. 

1. Describe three different methods by which hydrogen may be 
obtained from water. 

How would you prove that air contains one of the constituents of 
water ? 

2. What are the chief impurities in common water? How would 

you obtain pure water ? Make a sketch of the necessary apparatus 
and explain tlie use of its several parts. * 

' .3. What chemical reaction takes place when a small piece of,. 
.Wtallic sodium is thrown into vrater ? i " 

How would you test whether the solution left is acid or alkaline, 
and how would you prepare from it some common salt in the 
crystalline state ? 

4. Enumerate the differences in physical properties exhibited by 
sea and fresh water respectively. How can a specimen of common 
salt be prepared from sea water ? 

5. Blue vitriol heated over a lamp becomes white; on being 
treated with water the blue colour is restored. Explain the reason 

these changes. 
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CARBON AND SOME OF ITS COMPOUNDS. 

v' i 

99. FORMS OF CARBON. 

i. Carbon is obtained in org^iaic substances. — Heat a scries of 
)rganic substances, such as meat, wood, potato, egg, etc., in a 
iruoible, and notice in all cases the production of a Idack residue, 
jonsisting largely of carbon. Heat more strongly and observe that 
t burnfi away, leaving an almost colourless ash. 

ii. Properties of carbon. — Examine and write down the properties 
>f as many of the following forms of carbon as you can (n)tain ; 
iianiond, filacklead, wood-charcoal, bone-black, and sgigU 

iii. Cbarcoal is porous. — {a) Show that charcoal floats in cold 
water. In boiling water charcoal sinks after a time, and then will 
lot float again unless thoroughly dried. This is becaui^^j^air is 
Iriven out of the charcoal by the warmth of the water. ’*'* 

{b) Fill a large test tube with ammonia gas (see p. 395) over 
nercury, and show that it can be absorbed by introducing a small 
ump of charcoal. This is a striking proof of the porosity of carbon. 

Forms of carbon. — Carbon is a sulistance which is very 
widely distributed in nature, being present in all living matter, 
ind in most products resulting from vital activity. 

Carbon occurs, combined with other substances, in many rock 
nitsses, being a constituent of all the minerals known as car- 
bonates. Combined with oxygen as carbon dioxide, it occurs in 
iho atmosphere and dissolved in spring waters. 

Diamond.— In the pure state carbon exists in various allo- 
iropic forms (p. 379). Of these the purest and the most valuable 
s the diamond. This form of carbon is crystalline, and very 
lard, being capable of scratching all other materials. Its re- 
•racti ve ^P- 224) is very high, and on this depends its 

brilliancy as a gem. Diamond is proved to consist of carbon by 
burning it in air or oxygen, when only carbon dioxide results. 
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Bl^cklead or graphite is another form of almost pure 
carbon, with properties totally diffeicnt fvom those of the 
diamond. It is opaqiie and black, and so soft that it will mark 
paper. It is really a cr^rstalline form of carbon, although 
good crystals are not very common. It occurs naturally in 
mines, chiefly in California, and was formerly largely obtained 
from Cumberland. Besides its use for lead pencils, it is also 
used as a lubricant. 

Amorphous varieties —Other forms of more or less pure 
carbon in an uncrystallised or amorphous state aie coke, and gas 
carhon, which result from the heating of coal ; lampblack, which 
is the carbon deposited by oils, etc., burning in an insufficient 
supply of oxygen ; and wood charcoal, obtained by heating wood 
in closed retorts or in stacks under earth. 

Charcoal has the power of absorbing colouring matter, and on 
the latter account it is used for decolorising solutions coloured 
by organic matter. Animal charcoal is really a misleading term, 
as the (quantity of carlion present is usually only about 10 or 15^ 
per cent , the remainder being chiefly bi'/Tie ash. 

Both animal and wood charcoal are very porous substances, 
and they have the power of absorbing gases to a large extent. 
Wood charcoal is used considerably on the Continent for heat- 
ing purposes. Both kinds are useful in destroying noxious 
vapours. 

Coal contains large quantities of carbon, especially the harder 
or anthracite coals, where the quantity may reach 94 per cent , 
being, however, only about 65 in brown coal or lignite. 

Whenever any of the kinds of carbon bum freely in a good 
supply of air or oxygen, carbon dioxide is the compound formed, 
thus affording evidence that the three varieties are only allo- 
tropic forms (see p. 379) of the simple substance carbon. 


too. OABSON DIOXIDE PRODUCED BY BUBNINO 
AND BREATHma 

i. When carbon is burnt carbon dioxide is formed.— (a) Heat 
strongly a piece of charcoal m a closed hard glass test-tube and show 
that without air it does not burn 

^ (6) Suspend a piece of glowing charcoal in a bottle containing 

lime-water. Shake up and show that the lime-water is turned 
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milky. Carbon dioxide can always be distinguished by this action 
upon lime-water, for it is the only common, colourless, inodorous 
gas which turns lifne- water milky. 

ii. Carbon dioxide is produced by a burning candle. — (a) Burn a 
candle or taper in a clean dry white bottle (Fig. 214). After the 
flame has been extinguished, withdraw the taper. Pour a little 
freshly made lime-water into the bottle and shake it up. Notice 
the milkiness of the lime-water. 

(b) Cut a long thin chip of wood, hold it in the flame of a labora- 
tory burner until it burns brightly, then thrust it into a cylinder or 
bottle, the bottom of which is covered with lime-water to the depth 
of about an inch. When the stick ceases to burn, withdraw it and 
shake the lime-water. 

ill. Carbon dioxide produced by breathing.— (a) Blow through a 
piece of glass tube into some clear, freshly-made lime-water con- 



Fio. 237.— -The air breathed out 
from the lungs contains carbon di- 
oxide, and will turn clear lime- 
water milky. 



Pm. 238.— Air drawn into A does not 
turn the lime-water milky ; but when 
blown through B from the lungs the lime- 
water in B is turned milky. 


tained in a wine-glass or tumbler. Milkiness is at first produced, 
but if the blowing is continued long enough it disappears. 

Fill a jar with water and invert it in a basin of water. Blow air 
from your lungs into the jar by means of a tube. When the jar is 
fftll of air place a glass plate under it and lift it out of the water. 
Show that the air will extinguish a lighted taper. 

(^>) Repeat the two preceding experiments oy blowing air from a 
bellows instead of from the lungs. Notice that this unoreathed air 
has not the same effects upon a lighted taper or lime-water as 
breathed air. 

iv. The air contains carbon dioxide. — Pour some clear lime-water 
into a blue dinner plate, or some other shallow vessel of a dark 
colour. Leave it exposed to the atmosphere for a little while. 
Notice the thin white scum formed on the top. The carbon dioxide 
in the air has turned the top layer of liquid milky. 

V. Breathing changes the character of air. — Fit two bottles with 
corks and tubes as shown in I’ig. 238. See that the corks are aii» 
L.S. I. Z 
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tight. Put some clear lime-water into each bottle. Place the tube 
C, or an india-rubber tulie loading from it, m your moutli. When 
you suck at tlie tube, air is drawn in through tin.' gLass tube which 
dips into the lime-water in the bottle A. When, howevei, you 
blow instead <if sucking, your breath passes out through the tube 
which dips into tlie Inne-wak'r in the bottle /?. Notice that the 
lime-water in A remains clear, but that in B is rendered milky by 
the air you breathe out You thus see that tiesh air has little elFect 
upon lime-water, but breathed air quickly turns clear lime-water 
milky. 

vi. Oxygen from plants.— Take a bunch of fresli watei cress, or 
water weeds, and put it into a beaker or glass jar very nearly filled 

with water saturated with 
carbon dioxule Cover the 
plants with a funnel nearly 
as wide as the jar, as shown 
in Fig. ‘>39. Fill a test-tube 
with water and invert over 
th(‘ funnel It jiropcrly 
mannged there should at 
first he no gas in the test- 
tub(). Place the jai in bright 
sunlight for an hour or two 
and then exanime it. You 
will not ICO bubbles of a gas 
ha^e collected at tlie top of 
the tube lYst the gas with 
a glowing splinter of wood. 
It IS found to be oxygen. 

vii. Plants in sunlight and 
in darkness. — Repeat the 
whole exjieriment, but in- 
stead ot ])utting the bottle 
m bright sunlight place it 
in the dark. Observe that 
ill such oircumstancis no bubbles of oxygen are formed. 

viii Carbon in plants. — Take .some green portions of a plant 
(leaves will do) and heat them on a piece of tin plate over a latiora- 
tory burner. Note that they become charred, showing the presence 
of carbon in them. 

Production of carbon dioxide by burning.— When things 
such as candles, oil, gas, and wood are burnt either in the air or 
in pure oxygen, a gas is produced which has the power of turn- 
ing lime-water milky. All these substances contain, in one 
form or another, a constituent called carbon. As you have seen 
in previous chapters, the gas produced wlion these substances 
burn is carbon dioxide, that is, the gas obtained by burning 
oarbon in air or oxygen. In fact, whenever a substance rich in 


r\ 



Pig ‘239,— Giocii plants in britjht suiiliglit 
can dccorriposo oarbnn dioxide 'rbey Kfeji 
the carbon foi thcinselves and liberate the 
oxygen 
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carbon bums in a plentiful supply of air or oxygen, this carbon 
dioxide IS prodi^cod Knowing how many hres there are in 
houses, furnaces, engines, and so on, it is not difficult to under- 
stand that at every hour of the day very large (juantities of 
carbon dioxide are formed, which escape, sooner or later, into 
the air. 

Carbon dioxide is given off in breathing.— If a person 
blows with the mouth into clear lime-water the lime-water is 
turned milky 'Fins is another impoi'tant f«ict. It is clear that 
carbon dioxide escapes from our moutlis in breatliing ; and so 
it does from every animal Not only, then, do all cases of ordi- 
nary burning result in the addition of carbon dioxide to the air, 
but also every act of breathing It docs not matter how small 
an animal is, all the time it is alive it is c()ntinually adding to 
the atmosphere a certain amount of the colourless, odourless gas 
which puts out Hamcs and turns lime- water milky. 

Purifying action of plants — 'Fhat there is always a certain 
amount of carbon dioxide m the air can be proved by exposing 
fresh lime-water in a idiallow vessel. Very soon the lime-water 
becomes covered with a thin white layer of chalk, which is 
formed by the combination of the caihon dioxide in the air with 
the lime in the lime-water. One reason why there is never very 
much Carhoii dioxide iii the air out of doors is because there is 
an agency continuously at work getting rid of this gas. This 
agency is the green parts of plants which occur everywheie. 

Wlicn fresh watercress is put into a bottle completely full of 
w'ater containing carbon dioxide in solution, and tlie bottle is 
inverted in a basin of water without allowing air to get into the 
bottle, it is found that, when the bottle and its contents are 
exposed to bright sunlight, bubbles of gas collect at the top of 
the bottle. Tliese bubbles, when tested, arc found to be pure 
oxygen. If, however, tlie bottle with the cress in it is kept in 
the dark no l)ul)bles of oxygen collect Or, if a bottle of water 
in which carbon dioxide is dissolved be put in sunlight, without 
any wateicress, no oxygen collects in the top of the bottle. 

In other words, two things are necessary for the formation 
of the bubbles of oxygen collected from the green plant as 
described. They are (1) the vegetation, (2) the sunlight. The 
same conditions have been found to hold true always, thus 
proving that green plants in the presence of bright sunlight have 
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the power of turoing ojQrgren out of carbon dioxide. They keep 
the carbon for themselves, and it helps them glow. If the 
experiment were carefully performed it would be found that the 
watercress had increased in weight after being exposed in these 
circumstances to bright sunlight for some time. 


101. PBODUCTION OF OABBON DIOXIDE FROM 
CHALK BY THE ACTION OF AN ACID. 

t Preparation of carbon dioxide. — Into a flask or bottle, fitted 
like that in Eig. 240. place some chalk, or small pieces of marble. 
Place the delivery tube m a glass cylinder or a jar with a wide, 
mouth. A disc ot cardlioard, through which the delivery tube 
passes, should rest on the top ot the jar. Poui dilute hydrochlono 



Fio. 2-10 — Apparatus for th« pro- 
Miration and collection of carbon 
lioxide 



Fig. 241.— Carbon dioxide gas is 
heavier than air, and can thorofure 
be pouicd from B into At like a 
liquid. 


acid down the funnel. During the effervescence a gas is given off 
and collects m the jar. When a burning taper is extinguished 
immediately it enters the jar, take out the delivery tube and pul 
it into another jar. Cover the first jar of gas with a disc of card. 
In the same way collect several jars of the gas. 

11. Properties of carbon dioxide.— (a) Notice that the gas is (V 
invisible and without taste or smell; (2) extinguishes a lighter 
taper ; (3) must he heavier than air or it could not be colleol^ ii 
the w^ described. 

(6) Pour the gas from one jar (/?) into another (.d), as shown ii 
the diagram (Fig. 241). and test both jars by a light^ taper. 1 
Svill bo seen that the lower jar contains the carbon dioxide. 
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liL Acid solution formed by carbon dioxide. —Pour a little water 
made blue with litmus into a jar of the gaa and shake it up Some 
of the gas diasolvig, and the colour of the solution tunis led. Boil 
the solution ; the carljon dioxide is driven rill, an(l tlie blue colour 
IS regained. 

IV. Action of carbon dioxide on lime-water.— Pass the gas from the 
delivery tube tlirough some lime-water Olisei ve that a nnlkiness 
is produced, owing to the production of a wliite powder oi precipi- 
fafe, which disappeais after a short time 

Boil the solution thus obtained, and notice that the milkmcss 
again appears 

Filter the milky solution, and so olitain the white powder on a 
filter paper. Add a few <ltops of dilute hydrochloric acid to the 
liowdor. Notice the efferveseence. Test the gas udiich is given off ; 
it puts out a flame 

Preparation of quantities of carbon dioxide.— Though 
carbon dioxide is prodiKied naturally by burning and breathing, 
and it also escapes from the earth in some regions, there are iiioi e 
convenient ways of obtaining the gas. Experiments show tluit 
when nn acid is added to chalk, marble, or limestone, a gas is 
given off which puts out flames, turns clear lime-water milky, 
and possesses all the jfroperties of carbon dioxide — it is, in fact, 
carbon dioxide. The best way to prepare bottles or jars of tlie 
gas is to place pieces of chalk or marble about the size of peas 
into a bottle fitted like that in Fig. 240 Dilute hydrochloric 
acid is poured down the thistle funnel, and when it comes into 
contact with the marble, the gas is given off. Enough acid is 
poured in to cover the lower end of the funnel, so tlie gas ciinnot 
escape up the funnel ; the carbon dioxide passes through the 
other tube in the cork. The gas given off is heavier than air, 
and can therefore be collected as shown in Fig. 240. As the gas 
accumulates in the jar, the air is pushed out at the top. After 
fclfeveral bottles or jars haA^e been filled, the properties of the gas 
can easily be examined. 

Properties of carbon dioxide. — An examination of the gas 
shows that it is colourless and has no smell. As it is heavier 
than air it can be poured downwards just like a liquid (Fig. 241). 

Carbon dioxide is slightly soluble in water, and the solution 
which is thus formed turns a blue litmus paper red, just as 
acids do. For this reason the solution of carbon dioxide in 
water is often called carbonic add, and the carbon dioxide itself 
is sometimes spoken of as carbonic add gas. The gas has the 
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property of extinguishing the flame of a taper or match, and is 
consequently called a non-supporter of combustion. 

Action of carbon dioxide on lime-water,— If l arbon dioxide 
IS ptassed into lime-water a milkiiiess is seen, but if the passage 
of the gas is continued the milkiness by and by disap])ears If 
the clear solution which results after the disappearance of the 
white powder or precipitate is boiled, the niilkiness again makes 
its appearance. The reason of tliis is that the white substance of 
winch the precipitate is formed dissolves lu water which has 
become saturated with carbon dioxide. When the clear solu- 
tion, which a])pears after the solution of the powder, is boiled, 
the carbon dioxide is driven out of it, and the litpiid again 
becomes pure w'ater. The precipitate reappears, because it will 
not dissolve in water. 

The chemical change when carbon dioxide is passed into 
lime-water. — What are tlie facts taught by the experiments 
described V Wlicn an acid is added to the white powder hirmed 
when carbon dioxide is passed into lime-water, a brisk ''effer- 
vescence is noticed and the colouilcss, odourless gas given off is 
found to put out a flame. But this is just what liappens when 
the acid is dropped upon chalk, and putting the facts together 
they suggest that the white powder is i*eally chalk, so that 
carbon dioxide gas combines with the lime in the lime-water 
to form chalk. We can write : 

Carbon Dioxide Lime Chalk. 

From this statement it will akso be seen that chalk consists of 
lime and cai'bon dioxide. Further evidence of the truth of this 
will be learnt later 

Uses of carbon dioxide. — The fact that carbon dioxide is a 
non-supporter of combustion is made use of in many forms nC 
chemical fire extinguishers, which generally contain solutions of 
the gas under pressure or a means of producing large quantities 
of it by the action of acid upon a caibonate solution. As 
burning cannot take place in this gas, the flames are therefore 
extinguished when the gas reaches them. 

The solubility of carbon dioxide in water is increased by 
pressure, and the sparkling nature of the various aerated waters, 
like soda-water, is due to the carbon dioxide with which they 
have been charged at high pressures, which escapes when the 
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pressuru is reduced to that of the atmosphere by opening the 
bottle. As the y>rcssure is very giciit, the bottles used as fire 
extinguishers luwe to be vciy thick 

Carbon dioxide is also produced during fermentation, the 
“ rising ” of bread being due to the escape of the gas which is 
generated by the fermentation, under tlie iiiHuence of the yeast, 
of the saccharine matters formed from the starch 

(’carbon dioxide will not siipp^irt life, and is sometimes used 
for suffocating stray dogs and cats. 

By cold and ])ressure carbon dioxide may bo liquefied and 
also solidified, forming a soft white substance, w'hich when 
mixed with ether forms a powerful freezing mixture, the tem- 
perature sinking to about - 100° C. 

Occurrence of carbon dioxide.— Carbon dioxide has been 
already stated to exist in the atmosphere, and to be produced 
by the oxidation of animal and vegetable tissues ; also that 
under the influence of sunlight it is iccouvertcd by the green 
partsfof plants into its constituents, of which the caibon is used 
by the plant in the foi niation ot new tissue The gas is found in 
many natural gtaseouA emanations, and is fre<iuently present to 
a large extent m the gases of caves and underground passages, 
where, owing to its liigli density, it tends to accumulate if 
formed by fermentation or other iicatuial jnocesses. In expired 
air, carbon dioxide is present to the extent of .about 4’7 per cent. 
Although such air is not again respirable, this is probably due to 
the diminution of the oxygen, for it is doubtful wdiether carbon 
dioxide has any direct poisonous effect. The proportion of 
carbon dioxide m.ay be increased even to 20 per cent without 
immediate sciious effects if only the quantity of oxygen be 
increased simultaneously. 


102. PRODUCTION OF CARBON DIOXIDE B7 
HEATING CHALK. 

i Changre produced by beating chalk.— Place a little powdered 
chalk (;iof blackboaid chalk) on a piece of platinum foil, and heat it 
strongly for some minutes m the flame of a laboratory burner. If 
platinum foil is not at band, heat a lump of chalk on a piece of 
coarse wire gauze for some time Or, powdered whiting may be 
heated on a piece of thin tinplate. The latter is, however, a lon|; 
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process. After heating, shake the powder on to a damp red litmus 
paper. Observe that the red litmus paper is in places changed to a 
blue colour. 

ii. AcUon of lime upon Utmus. — ^Test some weM lime with litmus 
paper. Observe that it changes the colour ot red htmus to blue, 

ui. Powder obtained by heatingr chalk.— Shake up in ordinary 
tap- water some of the powder obtained in Expt. i by heating 
chalk on platinum foil. Filter, or allow the powder to settle ; 
then taste and notice the peculiar taste of lime-water. 

IV. Solution of lime in acids. — Dissolve some lime m hydrochloric 
acid, find evaporate the solution to dryness Note the formation of 
a wlnte solid, which rapidly absorbs moisture from the air and 
liquefies. It has been previously used m experiments under the 
name of calcium chloride. 

V. Composition of chalk. — ^Place a few small pieces of chalk iii a 
test-tube Add dilute hydrochloric acid until the effervescence, due 
to the production of carbon dioxide, ceases (see Expt 101 i ). 
Filter the solution remaining in the test-tube and evaporate it. 
Notice the substance left ; it is not chalk, but calcium chlonde. 

VI. Slaking of lime. — To a lump of fresh lime add a little cold 
water Observe that the lump gets very hut and swells up. 


Chalk undergoes a change when heated— It is easy to 
prove by putting some powdered chalk upon a piece of moist 
red litmus paper that this substance is * unable to change the 
colour of the paper. If, however, some powdered chalk be 
strongly heated on a piece of platinum foil in a laboratory 
burner and then placed on a piece of moist red litmus paper, 
the red colour is changed to blue. The chalk undergoes some 
change when heated, or it would not acquire this new property. 
The same chemical change as occurs when a little powdered 
limestone, or some chalk, is heated on platinum foil takes place 
on a large scale in the limekiln. In other words, when cjialk 
and limestone are strongly heated they are changed into qinok- 
limo The change is brought about by driving carbon dioxide 
out of them. c 


when heated 

Chalk splits up Lime and 
into 


Carbon 

Dioxide. 


Olianges produced by adding acid to chalk.— When hydro- 
chloric acid is added to a little chalk a brisk effervescence 
occurs and a colourless, odourless gas which turns lime-water 
milky is given off. 

If hydrochloric acid is poured upon a known weight of chalk, in 
such a way that all the gas evolved is got rid of, it is found that 



CARBON AND SOME OF ITS COMPOUNDS 


361 


the proportional loss of weight of the chalk is equal to the loss of 
weight on heating, thus showing that chalk contains a definite 
proportion of cavbon dioxide gas. 

If the solution lemaining, after the effervescence of the chalk 
with the acid has ceased, is filtered and evaporated, a new sub- 
stance known as calcium cMoride is obtained. So that, from 
chalk and hydrochloric acid, it is possible to produce carbon 
dioxide, calcium chloride, and water (which is driven off by 
evaporation). 

Substances which, like chalk, evolve carbon dioxide when 
acted upon by an acid are known as carbonates, and numerous 
carbonates exist, all possessing similar characteristics. Many of 
tlfese on heating also give off carbon dioxide, the residue being 
known to be an oxide of a metal, so that they consist of carbon 
dioxide and a metallic oxide. 

Tins leads to the idea that lime is also the oxide of a metal, 
and this view is now known to be correct, the metal being 
named calcium. Lime, therefore, is calcium oxide and chalk 
calcium carbonate. 

Lime. — Lime prodftced by heating chalk or limestone — both 
of which are caibonates — is a white solid, which, if heated 
sufficiently, glows and emits a bnlliant white light. It is on 
this account employed for the production of the limelight, 
where a small, hard cylinder of lime is strongly heated in an 
oxy-hydrogen or oxy-coal-gas flame. 

When water is added to freshly burnt lime, or quicklime, as 
it IS termed, the water combines with it with the evolution of a 
large amount of heat, which is enough to boil the 'water if the 
quantity of lime is large. This can be seen at any time when 
bricklayers are preparing lime for making mortar. This 
addition of water to lime is called slaking it. and the altered 
lime is known as slq^fidJUme. Lime dissolves to a slight extent 
in water, forming lime-water. 


103. CARBON MONOXIDE. 

1 Preparation of carbon monoxide — In a hard glass tube A B, place 
some iron filings. Pass over these iilmga-a current of carlion dioxide, 
dried in the usual manner. Heat the filings, and let the end B of 
the tul^ dip under a strong solution of caustic potash, which 
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Lower oxide of carbon — If a coke?- or charcoal fire be 
observed, fiamea of a peculiar blue colour ai*e usually seen play- 
ing over the top. As, however, the only substances concerned 
in the combustion are carbon and oxygon, and since carbon 
itself does not burn with a blue flame, wlule carbon dioxide is 
quite incombustible, it appears probalile that there must 
be some other compound of carbtiu and oxygen produced 
which burns with this blue flame, further, it sooins probable 
that the oxide is a lower oxide, i,e, contains loss oxygen, 
as if a compound with more oxygon existed we should 
expect the carbon (boxide to burn and form tins oxide Carbon 
monoxide, as this gas is called, can be prcpai-ed by depriving the 
dioxide of part of its oxygen. When passed over heated iron 
filings carbon dioxide is partly reduced to this lower oxide, 
while the iron oxidises oi' rusts. Tlio mixture of dioxide and 
monoxide resulting from the action of the iron on the carbon 
dioxide is collected over a solution of caiiRti( 3 L 4 )otash (Fig. 242). 
The caustic potash absorbs the whole of the unchanged dioxide, 
while the carlx>n monoxide gradually fills tlie collecting vessel. 
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Changes in a coke fire — The toim ition of caibon monoxide 
in coke hies mxy now be leadily expUined hy the binning of 
the carbon in tlv lowci puts of the hit whdc the aii enteis 
and sufhcient oxygen is piesent (dibon dioxide results but 
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when this pisses over the hcitcd (hmoil in the upper puts 
wheic insidhcient oxft^cn is piescnt it ])iits \yith some of its 
ox^^en f()imin„ ( ii bon monoxide I hus 

Carbon (ombines . to Cvrbon 

Dioxidi with ^ ^ foim Moxoxtdf 

When it aj^iin meets sufficient oxygen it the t )p of the hie 
this monoxide bums toimin^ the dioxide Caibon monoxide 
m ly in f ict be piepiied by ])issin^ the dioxide ovei heated 
chiicoal insteid of he i ted non but tlu tempei itiiie lequned is 
higher th lu th it nercss ii y in the expei iim nt dcsciibed on ]) 362 
The gas so obt lined is (olourless ind ver} poisonous It 
acts as a direct poison forming i compound with the himo 
globin of the blood I oi this itason the Aentilition of looms 
heated by coke st()\es ind the complete lemovil of the products 
of combustion should be ahviys well seemed 


CHIEF POINTS OF CHAPTER XXVI 

Carbon is picscnt in ill living mittcr When oi^iinc suhstiiicts 
are m odera tely he ited a hi icl i ewidne 1 ii gely composed of carbon 
IS U ft the t( mpei itiiK is raised the carbon burns away and an 
almost colouilcss ash is left 
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Carbon exists m several allotropic forms (p. 379). Two of these, 
dirifmnd and graphite, are erystallme. Non-crystalline or amorphous 
carbon is known in varying degrees of purity as colv, /;«« rarlton, 
wood cfiairoal and ftnimal charcoal, ^ 

Barnixi^ — When candles, gas, wood, or any substance which eon- 
tsiins carbon burns m the air or oxygon, carlnin dioxide is formed. 
Similaily, carbon dioxide results fioin the combustion of any form ot 
carbon in air or oxygen. (>arbou dioxide is also given off m the 
bix^ath of animals. From these sources large quantities are con- 
tinually passing into the atmosphere. 

Breathing’ is really a kind of burning ; tin' oxygen taken into the 
boflyliy the lungs unites with the earlion of the body to form carbon 
dioxide, and with its hydrogen to foim water; these products are 
expelled from the body partly m breathing. 

The ixTesence of carbon dioxide in the air may Im' shown by expos- 
ing lime-water in a shallow ve8.sel. The lime-water soon uccomes 
coated with a thm layer of chalk 

The green parts of plants have the power in bright sunlight of 
breaking up carbon dioxide ; the carbon they keep to build up their 
solid parts, and oxygen is given off into the air. 

Animals give off carbon dioxide (which passes into the air) and 
take oxygen from the air. Plants give out oxygon and take carbon 
dioxide from the air ; m tliis way l)oth are supplied from tlie air 
with the substances they need. 

Preparation of carbon dioxide — When bhalk or limestone is 
heated it loses about 44 per cent of its weight. This is due to the 
loss of carbon dioxide. The residue left behind is /me. The same 

f as is evolved wlicn either chalk or limestone is acted upon by 
ydrochloric acid. 

Carbon dioxide is a heavy gas which does not hum or (Support 
combustion. It is slightly fwiluhle m water, the solution acting as a 
weak acid which turns blue litmus to a poit-wiiie colour. This 
solution may be regarded as carbonic acid. TJie solubility of carbon 
dioxide in water is increased by pressure. By cold and pressure 
carbon dioxide may be liquefied, and also solidified to a soft white 
substance which, when mixed with ether, forms a powerful freezing 
mixture. 

• lime is a white solid which is unchanged by heating. When 
heated intensely it glows and emits a brilliant white fight. It 
dissolves in hydrochloric acid to form calcium chloride. W^hen wet, 
lime turns a red litmus paper blue. When freshly made it is called 
qiLicUime. Quicklime combines with water, being changed into 
daked lime. 


EXEBOISES ON CHAPTER XX7I 

1 Describe and explain the changes which take place when (a) 
lim^^tone is burnt in a kiln ; (6) water is added to some freshly 
burnt lime. 'f 
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2. Charcoal V)urnt in air or oxygen in a bottle containing lime- 
water produces a 'yhite precipitate in the lime-water. This white 
precipitate, if collecttjd and'ISTXEd with hydrochloric acid, dissolves 
with effervescence. What experiments would you make in order to 
compare the gas thus obtained with that obtainable by a similar 
process from the breath ? 

3. Describe the apparatus you would use for the production and 
collection of cai*lx)n dioxide gas ; name the materials required, and 
describe the properties of the gas. 

4. Four bottles are given you containing oxygen, hydrogen, 
nitrogen, and carbon dioxide respectively. By what experiments 
would you distinguish these gases from one another ? 

5. Describe the appearance of the three different forms of carbon. 

By what experiments would you prove that thc^y are really OT\ly 

different forms of the same element ? 

6. What do you know about the chemical action that goes on in 
a “gasogene” — i.e. the common soda-water machine? Why does 
the “soda-water” rush out wdien the handle is pressed down? 

7. Describe an experiment showing that water and carbon dioxide 
are foumed in the coministion of a candle. How can ordinary coal- 
gab be made to burn with a non-luminous flame ? 
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104. COMMON SALT. 

i. Common salt is soluble in water.— Shake a little common salt 
with water in a test-tul>e for .some time. Allow the undi.sHolved 
salt to settle, and taste a little of the clear liquid. The taste of the 
solution is proof enough that common salt is acduhle in loater, 

li. Common salt crystallises in cubes. - Kvauoi ate the clear solution 
and heat .some of tlie dry l esidue in a tost-tuW‘. 

ill. The solution of salt in water is neutral. — Test another i)ortion 
of the clear solution of coinmon salt witiriiluc and I’ed litmus ])apers 
in succession. The colour of neither paper is altered : hence, the 
.soluti<jn of oomm(m salt in water is neutral. 

iy. Salt crystals contain no water. — Heat a little dt-y s^ilt in a 
test-tube. Notice the crackling and the absence of water on the 
side of the tul)e. 

V. Action of strong sulphuric acid on salt.— Place a little dry salt 
in a test-tube anci pour upon it some strong sulphuric acid. Gently 
warm the test-tube. Observe that a. gas is given oft', the part of 
which in the tube is colourless, though on coming into contact with 
the air at the mouth of the tul>e the gas fumes strongly. Plunge a 
lighted match into the tube, and notice that the ftamo is *ex- 
tinguished. Place a piece of moist blue litmus paper at the mouth 
of the tube, and observe that it is turned red, but tlic paper is not 
bleached. 

Properties of common salt. — ^Oonmion salt crystallises in 
.six-sided f^olids, or cubes. When the crystallisation is brought 
about by evaporating a solution of salt, the crystals are 
very small. Some natural crysUls, known as rQ<(^_8alt, are; 
however, of a considerable sijse. There is no water of ciystal- 
ii aatio n in the cry.stals, and consequently when they are heated 
no st^m is given off. The crackling noticed when salt crystals 
are heated in a tube is spoken of as degirj 9 pl$a^on, and is due to 
the breaking up of the crystals into smaller pieces. 
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Common salt dissolves in water, and the amount dissolved by 
cold water is almost as great as by wai’in watei . The solution 
has no action on titmus papers, and is said to be neutral 

Hoek salt is found in the earth in some countiies as layer’s of 
varying thickness The largest amount is found in the salt 
mines of Austria, but considerable quantities are found in this 
country, in Cheshire. Common salt is also present in large 
quantities m sea water, but is mixed v ith other substances. 

Salt IS used largely to prevent the decomposition of meat, and 
enormous quantities are employed in the manufacture of sodium 
carbonate. 


105. HYDROCHLORIC ACID. 

1 PreiMLration of hydrochloric acid gas —Fit up the apparatus 
shown m Fig. ‘244. Remove the india*rublx)r stopper of the flask 



1 lo 244. — Pieparatum and collection of bydiochloric acid gds. 


and place iii it a small quantity of rock salt in small pieces, or some 
thoroughly dried common salt. Pour some strong sulphuric acid 
into the wash-botth' shown in tlie middle of the illustration. Re- 
insert the india-ruhhei stopper into the flask and pour down the acid 
funnel enough of a mixture' of strong sulphuric acid and water to 

lOnc part ot acid and tme of water aie convenient proportions Be careful 
gradually to pour the acid into the wutet and not the water into the acid when 
mixing tibem, keeping the mixture well stirred throughout the process. 


m 
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cover the salt in the flask. Gently warm the flask. Collect jars of 
the gas which is evolved (after it has bubbled through the strong 
sulphurio acid in the wash-bottle and so bccomb freed from water 
vapour) in gas jars by downward displacement in the way the 
illustration makes clear. When each gas cylinder is full, which you 
can tell by holding a blue litmus paper just below the top of the 
outside of the cylinder until it is turned red, cover it with a grouiid- 
glnss plate, with the ground side underneath. As the cylinders are 
filled set them on one side for examination as presently described. 
Collect four jars of gas in tins way. 

ii. Properties of ^drochloric acid gfas.— (a) Raise the glass plate 
from the first jar and plunge a lighted taper into the gas. The 
flame is extinguished and the gas does not burn. Quickly replace 
the glass plate. 

(fe) Into the same jar drop a piece of moistened blue litmus paper 
and replace the glass plate. The paper is turned red, showing the 
gas has acid properties. Notice carefully that the paper is not 
bleached. 

(c) Observe the fumes which the gas forms with the air when the 
glass plate is removed from a cylinder full of the gas. This is due 
to the very strong power of absorbing moisture possessed by hydro- 
chloric acid gas. 

{d) Firmly pressing the glass plate, invert a cylinder full of the 
gas and place it upside down in a basin, of water. Remove the 
plate when the mouth of the jar is under water, and notice that 
water rushes uji and completely fills the jar. If the water does 
not completely fill the jar, it shows that the air in the jar was not 
altogether displaced by the gas when you should have filled it. 

iii. Solution of hydrochloric acid gas in water. —Modify the 
apparatus shown in Fig. 244. Remove the gas cylinder and the 
loUvery tube wdiich dips into it. Pour out the sulphuric acid from 
the wash-bottle, which thoroughly wash and half fill with water, 
[f there is still enough salt and sulphuric acid in the flask, again 
warm it gently and allow the evolved gas to bubble into the water. 
Notice that it is completely dissolved. The solution of hydro- 
Bhloric acid gas formed in this way is the “hydrochloric acia” of 
cjommerco. 

iy, Some metals turn hydrogen out of hydrochloric acid.— Test 
the action of hydrochloric acid on zuuuind non. 

y. Other proofiB that hydrochloric acid contains hydrbgen.— (a) 
Prepare hydrochloric acid gas in the manner described in Expt. 
[05 i. in the flask A (Fig. 245). Pass the gas so obtained over 
ticated copper oxide in the hard glass tube BC, Observe that 
ivatcr collects in the te.st-tubo D, and that the copper oxide is 
lonverted into a green substance. As water is formed the hydro- 
ihloric acid must evidently contain hydrogen. 

{h) Collect a tube full of hydrochloric acid gas over m erour v* and 
luiokly introduce into it a piece of clean sodium. Allow iTto stand, 
ind observe that the volume of the gas becomes ultimately reduced 
bo onc-half the original volume (correction being made for the 
iifierences in temperature and pressure), while, further, the sodium 
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gets covered with a white powder which you may satisfy yourself 
IS salt. Test the gas left witli a lighted taper and sec that it has 
the properties of hydrogen. 



vi. Gompoaltion of common salt. — Pass hydrochloric acid gas into 
a solution of cau atin a<xla (known to chemists as sodium hydrate) 
until the solution has no effect either on a hluo or red litmus paper. 
Distil the resulting solution and examine both the liquid which 
distils over and the residue left in the retort. Observe that the 
liquid is ordinary water and the residue common salt, which you 
can prove by tasting it. 

Hydrochloric acid. — When common salt is heated with 
strong sulphuric acid a gas is given off which forms steamy 
fumes in the air. The gas readily dissolves in water, and the 
solution constitutes the hydrochloric acid of commerce. The 
sofution vas, because of its preparation from salt, originally 
known as “ Spirits of Salt.” Another common name given to 
it is Muriatic Acid. The “salt gas” itself is called hydrochloric 
acid gas. It is colourless, will not allow things to burn in it, 
nor will it burn itself. As is seen by its action on blue litmus 
paper, it is strongly acid. It is heavier than air, and can 
consequently be collected by downward displacement. 

OompositioxL of hydrochloric acid.'— It has already been 
learnt that when the metal copper is heated strongly in air it 
combines with the oxygen of the air to form a black compound 

2 a 
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called copper oxide, which compound is evidently entirely com- 
posed of copper and oxygen. 

Now, if hydrochloric acid gats is passed over heated copper 
oxide which can be conveniently arranged in a tube, the black 
oxide is changed into a green substance, and water is formed at 
the same time. Moreover, if the gieen substance be acted upon 
with strong sulphuric acid, hydrochloric acid gas is again 
formed, just as when salt is similarly treated. 

As water is formed, the hydrochloric acid gas passed over the 
heated copper oxide must evidently contain the hydrogen which 
is necessary for the formation of the water, for (p. 311) the 
copper oxide contains none. In fact, the simplest explanation 
of the experiment is that the hydrogen of the hydrochloric acid 
gas combines with the oxygen of the copper oxide to form 
water, while the copper combines with the other coihstituent of 
the hydrochloric acid (which you will presently learn to call 
dblorine) to form a green substance known as chloride of copper. 

When metallic sodium acts upon hydrochloric acid gas con- 
tained in a tube over mercury, it is fotpid after a short time 
that the volume of the gas is reduced to one-half and that the 
gas left in the tube is pure hydrogen. At the same time the 
sodium combines with the other constitjjfint of the hydrochloric 
acid gas to form a white solid, which proves on examination to 
be common salt. These important experiments teach two facts : 

1. That hydrochloric acid is composed of two constituents, hy- 
drogen and another substance, which will be proved immediately 
to be chlorine, combined together in equal proportions by volu‘me. 

2. Common salt is a compound of the metal sodium and the 
second constituent of hydrochloric acid, chlorine. 

Chemical behamour of hydrochloric acid.— -Many metals, 
such as zinc and iron, when dropped into a solution of hydro- 
chloric acid gas in water (which will in future be spoken of as 
hydrochloric acid) break up the acid, evolving hydrogen gas and 
combining with its chlorine to form a chloride, or, 

in Hydro- ^ and 
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When hydrochloric acid is brought into contact with sodium 
hydrate, also cali^d caustic soda, a double chemical change, or 
double, decwjgositioii, takes place, common salt or sodium chloride 
and water being formed (Expt. 105 vi ) 
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106. CHLORINE. 


i. Preparation of chlorine.— («) Pour a little strong sulphuric acid 
upon some black oxide of mangaiiCBo contamud in a test-tube. 
Shake the tube until a paste is foimcd. (Jcntly warm the tube, and 
after a minute or two examine the gas which fills it. It has no 
colour.* Place a moistened blue litmus paper m the gas, and 
notice that, though the acid fumes redden the paper, it is not 
bleached. 

(6) Repeat the experiment, but fiist mix the black oxide of 
manganese with an equal quantity of dry table salt. Again 
examine the gas evolved after heating the tube. It has a greenish- 
yellow colour. A moistened litmus paper has its colour com- 
pletely removed, or it is bleached. The grecinfeh-yellow gas is 
chlorine. 

ii. Preparation of larger quantities of chlorine.— Fit up the 
apparatus shown in Fig. 244, and used in Expt. 105 i,, for the 
prepanftion of liydrochhiric acid gas. Remove the ixidia-rubbcr 
stopper from the flask, put in some black oxide of manganese, and 
then enough strong liydrochloiic acid to cover it. Shako the 
powder and acid together until no dry patches can bo seen on 
mqking thixiugh the bottom of the flask Replace the india-rubber 
stopper, and be sur<i tliat the acid funnel dips beneath the surface of 
the liquid. Place m the wash-liottle an amount of water (not 
sulphuric acid as m prepanng hydrochloric acid gas) like that shown 
in the figure. Gently w'arm the flask. Chlorine is at once given 

Collect several jars by downw'ard displacement. You can 
easily see^when the jars are full, as the gas is coloured. Cover the 
jars with dry ^rouTuf-glass plates. Caution. — It is very distreasing 
to breathe chlonne ; this experiment should therefore he done either in 
the open air or hi a fnme-cujAtoard with a good dravght. 
t iii. ppwjir of chlorine. — ^In the first jar plaoo a piece 

of damp Turkey-fed cloth, a moist litmus p a p er, some coloured 
flowers, some writing done in ordinary ink, and a moist piece of 
newspaper. All the articles except the piece of newspaper are 
bleached. Chlorine bleaches vegetable colouis. Printers’ ink is not 
a vegetable colour. 

lY. Chlorine combines spontaneously with some mejials. - Powder 
a small piece of antimony and gently warm the powder, on a piece 
of notepaper, over the flame of a laboratory burner. Lift the glasf 
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plate off a second jar of chlorine and sprinkle the warm antimony 
powder into the chlorine. The metal inflametj on coming into 
contact with the gas, forming a chloride of antimony. 

Or, drop a sheet of Dutch metal into a jar of chlorine. It will 
combine immediately with the gas with the accompaniment of flame. 

CUorine has a great afWn^ty for hydrogen.— (a) Attach a wire 
to a candle. Light the candle and lower it into a jar of chlorine. 
Notice the candle continues to bum, but with a very smoky flame, 
d(‘positing soot on the skIcs of the jar. The candle is compos(*d 
of carbon and hydrogen. The chlorine combines with the hydrogen 
and leaves the carbon. Test the fumes left in the jar with a Wue 
litmus paper and convince yourself they are acid. 

(fe) Jioil a little t urpen tine in a test-tube and pour a drop or two 
of the hot liquid wpon a piece of dry filter paper. When the 
turpentine has spre^ over the paper, fold it in a convenient 
manner, and drop it into a jar of chlorine. The turpentine at once 
inflames A Luge quantity of carlion is thrown down, and a great 
deal of the steamy fumes of hydrochloric acid gas is formed^ Tur- 
pentine, like a candle, is made of carbon and hydrogen. 

vL Chlorine is soluble in water. — (a) Invert a jar of chlorine in 
a basin of water, and notice that the water slowly dissolves the gas. 
The water rises up the jar, but not nearly so quickly as in the case 
of hydiochlonc acid gJis. , 

(?>) Pass chlorine gas from the apparatus used in Expt. 106 li. 
into a glass of water. Notice that the gas dissolves, the water 
eventually having the colour, smell, and bleaching power of chlorine 
gas. A solution of chlorine in water is called chlorine loater. 

(c) Leave some chlonno water for a day or two in bripit sipishine. 
At the end of that time the chlorine water has lost its colour, smell, 
and bleaching power. The chlorine has combined with hydrogen to 
form hydrochloiic acid, and oxygen has liceii given ofT. Test the 
liquid with a blue litmus paper, and sec that it is acid. 

u 

Prepa^tion of chlorine.— It has been shown that hydro- 
chloric acid is a compound of hydrogen and a second substance ; 
and that common salt, or sodium chloride, is a compound of the 
metal sodium with the same second substance. This secord 
constituent, which is called chlorine, can be obtained separately 
either from common salt or from hydrochloric acid. It is more 
usual to prepare it from hydrochloric acid, and the plan adopted 
is to heat gently the solution of hydrochloric acid gas in water 
with black oxide of manganese, when chlorine is given off in 
large quantities in the form of a greenish-yellow gas. 

The method used to get chlorine from common salt is first to 
mix it with black oxide of manganese and then to heat the 
mixture with strong sulphuric acid, when chlorine is evolved as 
*in the previous case. This process is really the same as the 
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previous one, except that instead of first preparing hydrochloric 
acid from common salt and strong sulphuiic ac*id (Expc. I05i.) 
and then acting tpon it with black oxide of manganese (Kxjit. 
106 ii.),the two experiments are combined The three materials 
are heated together, and the hydrochloric acid as it is formed is 
decomposed by the manganese dioxide which is present. 

Ill man uf act iiring -processes the compounds formed other than 
those sought for are called bye-products. The bye-products in 
the manufacture of chlorine are manganese chloiide in the first 
method described above and manganese sulphate in the second. 

Chlorine is heavier than the air and is usually collected by 
downward displacement, though it is sometimes collected over a 
strong solution of salt or over warm water. 

Properties of chlorine — (.Jhlorme is a gas wuth a greenish- 
yellow, colour, from which fact^ it gets its name. It has a 
disagreeablQ^ smell, and the gas, if breathed, causes distressing 
symptoms, which have been described as like those of an 
exaggtJTated cold in the head. The gas is soluble in water and 
being heavier than air is collected usually by downward dis- 
pla(*enient. Its chief •characteristic is its power of bleaching 
moist vegetable colours. Strictly speaking chlorine docs not 
bleach. What happens is that the chlorine combines with the 
hydrogen of the moisture (which must be present for successful 
bleaching) to form hydrochloric acid and liberates the oxygen. 
This oxygen unites with the colouring matter to foi m a new 
chemical compound which hm no colour, or, as chemists say, the 
oxygen oxidises the colouring matter. It is because of this 
power of liberating oxygen from water that ihlorine is so useful 
as a d isinfectan t. The lilierated oxygen combines with the 
noxious material, and, by oxidising it, renders it harmless. 

•The ease with which chlorine combines with hydrogen is seen 
not only^ by its action upon moisture, but in other ways. A 
lighted candle will continue to burn when plunged into chlorine, 
though with a very smoky flame. A candle is composed of 
hydrogen and carbon, and the flame continues, though with 
diminished brightness, because of the heat generated by the 
combination of the chlorine gas with the hydrogen of the 
candle to form hydrochloric acid gas. The carbon set free in 
the process is deposited as soot. The same explanation holds 

(chlOFOS), green. 
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true for the spontaneous combustion of warm turpentine in 
chlorine f^as. 

Chlorine readily combines with metals to form cblorides. If 
finely divided iron, copjier, antimony, and other metals be 
sprinkled into dry chlorine gas they at once combine with it, 
the heat of combination being sufficient to cause them to 
inflame. This happens more readily if the metals are first 
warmed. 

Synthesis of hydrochloric acid. — When equal volumes of 
hydrogen and chlorine are mixed and exposed to sunlight, or 
the electric light, they combine together, with great violence to 
form two volumes of hydrochloric acid gas. Thei’c is, therefore, 
no diminution in volume. The case is simpler than that of the 
combination of hydrogen and oxygen to form steam. Two 
volumes of hydrogen combine with one volume of oxygen to 
form two volumes of steam, or the three volumes of the mixed 
gases are reduced to two after the combination has taken place. 
While 


Hydrogen combines Chlorine to 
1 vol. with 1 vol. form 


Hydrochloric 
Acid Gas 
2 vols. 


Hydrogen combine Oxygen to Steam 
2 vols. with 1 vol. form 2 vols. 


107. CHLORINE COMPOUNDS. 


i. Action of cUlorlne on cau stio po tash.— (ct) Pass chlorine for 
some time through a ho-Uiny solution oT caustic potash. Alloiy' the 
solution to ciyatallise, and examine the crystals which first separate 
out. They will be found to consist of potOHmim clUorate, which 
evolves oxygen when heated, either alone or with a little manganese 
dioxide. * 

(ft) Pass chlorine through a cold solution of caustic potash, and 
observe that you no longer obtain potassium clilorate. 

Some compomids of chlorine.— When chlorine is passed into 
a hot solution of caustic potash a substance known as potassium 
eihlorate is formed, while potassium chloride is also produced. 
The chlorates may be regarded as derived from an acid, which 
we may call ehlorio amtf, just as the chlorides are derived from 
hydrochloric acid. Chloric acid differs from the latter acid in 
containing oxygen as well as hydrogen and chlorine. 
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Of the chlorates, potassium chlorate is by far the most 
important, being largely employed in the manufacture of 
matches and in •pyroteijhny. On heating the chlorate either 
alone or mixed with manganese dioxide, oxygen is obtained. It 
is to the possession of a large proportion of oxygen that 
potassium chlorate owes its many uses. 

On passing a stream of chlorine into cold caustic potash, 
another chlorine compound is formed mixed as before with 
potassium chloride. Tins compound contains a smaller per- 
centage of oxygen than potassium chlorate and is termed 
potassium liypochlonte. When acted on by an acid this com- 
pound liberates chlorine. The chlorine thus set free again has 
a vigorous bleaching action. If chlorine is passed over slaked 
lime instead of into caustic soda, a compound is formed which 
may regarded as a mixture of the chloride and hypochlorite 
of calcium. This also evolves chlorine when acted upon by an 
acid, and is hence very largely employed for bleaching, under 
the n&me of bleaching powder, which is manufactured on a 
large scale by the method indicated above. 

OHIEP POINTS or CHAPTER XXVIL 

Comtnon salt occurs in nature as the imneral rock salt. It is 
soluble 111 water, the solution formed Injiiig neutral. Its crystals 
contain no water of ciystallisation. The crystals decrepitate when 
heated. When treated with w'tirni stiong sulphuric acid a gas 
ktyjwn as hydioehlonc acid gas is evolved. 

Hydrochloric acid, ongmally known as “sjunts of salt” and 
muriatic acid, is piejiatcd by the action ot strong sulpliunc acid on 
common salt ; the gjis evolved is dissolved m water to form the 
hydrochloric acid of eoinmercc. 

• Hydrochloric acid gas is comxKised of equal volumes of hydrogen 
and chlorine. The hydrogen can Imj turned out of a solution of 
hydrochloric acid by tlio action of metals like zinc and iron. Hydro- 
chloric acid is iMuitralised by sodium hydrati* to form common salt. 

Chlorine is easily prepared hy tlio action of stiong sulphuric acid 
upon a mixture of common siUt and manganese dioxide, or by the 
action between hydrochloric acid and manganese dioxide. Owing to 
the distress caused by breathing clilorlne, its preparation should be 
done m the ojien air or m a draught cupboard. 

Chlorine is a greenish -yellow gas, heavier than air, and soluble in 
water. It is much used as a bleaching agent. It has a very great 
affinity ff>r hydrogen, and easily combines with most metals to form 
chlorides, 
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Various compounds of clilorine. — Potaasium chlomte can be 
obtained by passing ohlorine for some time through a boiling solution 
of caustic potash and allowing the solution Ut crystallise. The 
chlorates are salts of an acid known as chloric acid. Potassium 
chlorate is the most important chlorate ; it is used in the manu* 
facture of matches and fireworks. 

Potassium hypochlorite is obtained by passing chlorine through a 
cold solution of caustic potash. If slaked lime is used instead of 
caustic potash, a mixture called Ueaching-powder is obtained. 


EXERCISES ON CHAPTER XXVII. 

1. How is hydrochloric acid obtained ? Give a short account of 
its chief properties. 

2. What are chlorides? How may they be obtained? Give, 
examples. 

3. Describe the properties of chlorine, and state how yoU would 
obtain the gas from salt and then reconvert it into salt. 

4. Under what conditions does chlorine unite with (a) hydrogen, 

{h) phosphorus, (c) sodium ? * 

5. A lighted taper is placed in a jar of chlorine ; what happens, 

and why ? * 

6. How may chlorine be (a) obtained from, (6) converted into, 
hydrochloric acid ? 

7. What is the action of sulphuric acid upon salt ? What are the 

properties of both products ? t 

8. From hydrocldorio acid how could you obtain (a) hydrogen, 
{b) common salt ? 

9. Describe in simple language any crystals which you have seen. 
Say either how these crystals are made or where they are found. 

10. What is bleaching x)owder ? How is it obtained, and on .what 
does its chief use depend ? 

11. In what form does hydrochloric acid exist under ordinary 
atmospheric conditions? Explain what occurs when hydrochloric 
acid is allowed to come into contact with bleaching powder. * 

r 12. What is an oxidising agent? In what sense can chtorino gas 
be regarded as an oxidising agent ? 

13. How do you account for the fumes that are seen when strong 
hydrochloric acid is exposed to the air ? What experiments prove 
that hydrochloric acid is composed of equal volumes of hydrogen and 
ohlorine ? 



CHAPTER XXVIIL 

SULPHUR AND SULPHURIC ACID. 


108. SULPHUR. 

1. Meltine 4 K>int of BUlphur. — ^Draw out in the flame of a laboratory 
burnor, a piece of glass tubing so as to make a small thin-waJLled 
tulxj, about two or three inches long and Vff-inch in diameter. Into 
this tube place some finely powdered 
sulplpir. Tie the filled tube on to a ther- 
mometer near its bulb with a piece of fine 
platinum wire, and mit the thermometer 
into a beaker of sulpnuric acid wliioh has 
been placed over a burner, (Be very care- 
ful not to upset the acid, ) Gradually heat 
the acid and keep it at a uniform tem- 
pera^re by moving tlie curved stirring 
rod (shown in Fig, 240) up and down. 

Notice when the sulphur melts, and at 
that instant read the thermometer. This 
reading will be the melting point of the 
sulphur. 

fj. Effects of heat upon sulphur. — (a) Put 
some finely powdered sulphur into a large 
test-tube, using sufficient to fill the tube 
to a height of about inches, and heat 
tjarefully with a small laboratory burner 
flame. •Occasionally take the tube out Fro. 246 .~Detenniiiatioii 
of the flame and shake it. When the of the melting point of sul< 
sulphur has all melted notice that an phur. 
ambec^j^ured liquid has been formed. 

Pour anttlo of the liquid into a beaker of water. Observe that 
a lump of yellow' sulplmr is again formed, 'which when broken 
reveals a crystalline structure. 

{h) Continue to heat the remainder of the liquid sulphur obtained 
in (a) until the liquid boils. Carefully observe the changes in 
colour of the liquid. Pour a little of the boiling liquid into cold 
water. Examine the cooled sulphur ; it is pl a^ic and not unlik^' 
india-rubber. / 
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(c) Notice that a yellow dcpoait has been formed on the cold, 
upper part of the test-tuiHi in whieh the sulphur was heated. This 
is the result of the conden^fition of sulphur vapoiirjw 'J’ho deposit is 
known as flowers of sulphur. 

Hi. Fls^tic variety of sulphur. —After examining the plastic solid 
which results from suddenly cooling ‘Iwiling sulphur, weigh a lump 
of it and place it on one side for a few days After this interval 
examine it again and weigh it. Tliero is no alteration in winght, but 
the lump has changed again to the ordinary kind of sulphur. 

Iv. GryatalUne varieties of sulphur. — (#t) Dissolve some powdered 
roll-sulphur m carbon bisulphide I'lie solution must be made 
entirely by shaking, foi the carbon bi'OiJphtde mn^t on no account be 
heated. Wliori the sulphur has all dissolved, pour the solution into 
an evaporating basin, and put it into a draught cupboard free from 
dust to evaporate slowly. Examine the basin alter an hour or so. 
Observe the orystils which have foimed. I’ake tlie largest and 
most perfect and sketch its foim. This kind ot crystalline sulphur 
IS kn<iwn as the octahedral ran^ty. 

(ft) Place some powdered loll-sulphur in a clean, dry, ovapo^ting 
basin and heat gently on a piece of iron wire gauze. When it has 
all melted, rt^move the llame and allow it to cool. As soon as a 
solid film has formed on the top of the liquid, pieree two holetf in it 
and quickly pour out the remaining liquid sulphur througli one of 
the holes. Remove the film of solid sulphur avd examine tlie yellow, 
needle-shaped crystals on the sides of the basin. This kind of 
crystalline sulphur is known as i\\o ptdsmvdtc I'ariety (Fig. *248). 

Examine the crystals after a few days. Observe they are now 
opaoue. The prismatic sulphur has changed back again to ordinary 
sulpnur. « 

V. Sulplmr can be obtained from some mineraXs.— Pioouro a little 
of the brass-like raineial called irmi pyrites. Heat a fragment or two 
in a hard glass tube. Notice that melted sulphur gradually collects 
on the cold part of the inside of the tube. ^ 

How sulphur is found in nature.— Sulphur is found 
naturally both alone— that is, in an uneoinbined condition — 
and also united with other substances in the form of chemical 
compounds. The unconibined or native , sulphur is^ rarel/ 
pure. It is found most abundantly in the neiglibourbood 
of v ojeano es — as, for example, in Sicily — from which island 
a large part of the brimstone, as sulphur is commonly 
called, of commerce is obtained Before being placed on 
the market the sulphur is purified, or separated from the 
earthy impurities by distillation, in suitable retorts connected 
with large cool chambers, in which the sulphur vapour, driven 
oflf by heating, is condensed. In the first stages of the process 
the sulphur condenses as “ flowers of sulphur,” but later, whezji 
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the condensing chambers have become heated, as a liquid on the 
door. This liquid is QSbStu into the familiar “ roll-sulphur ” or 
brimstone which is well known to most people. 

Sulphur occurs naturally combined with other substances in 
the form of sulphides and sulphates. The sulphides are com- 
pounds of sulphur with metals, among the most common 
being ; 

Galena, containing lead and sulphur. 

Blende, „ zinc and sulphur. 

* Iron pyrites, „ iron and sulphur. 

• ' Copper pyrites. „ copper, iron, and sulphur. 

The naturally occuriing sulphates aie compounds of sulphur 
with metals and oxygen. Tlieir constitution will be better 
understood after sulphuric acid has been studied. The most 
common mineral sulphates found in the earth are gypsum or 
calcium sulphate containing calcium, sulphur, and oxygen ; and 
heavy-spar or barium sulphate, containing barium, sulphur, and 
oxygen. 

Sulphur is also present in some of the compounds contained 
in animal and vegetable tissues. 

Varieties of sulphur. — Sulphur is one of the few simple sub- 
stances which exist in several forms. When such substances have 
^lore than one modification, all of them with the same chemical 
composition but possessed of different physica l pr op er ties, such 
as density, colour, crystalline form, and so on, it constitutes an 
instance of what is called a llotropy , and the different varieties 
of the substance are called allotropic forms. Sulphur, oxygen, 
carbon, and phosphorus all liave allotropic forms. Sulphur 
has four allotropic forms, though it is only necessary here to 
fnention three of them. These are octabedral, prismatic, and 
plastic Sulphur. It must be carefully borne in mind that 
though the properties of these varieties of sulphur are so 
different, yet all the varieties are composed entirely of sulphur. 

Octa hedral sulphflr*— Ordinary roll-.siilphiir, or brimstone, 
is composeSPof tiny crystals of this variety of sulphur com- 
pactly massed together. Tliis can be seen by breaking a roll 
of sulphur in two and examining the broken ends, when 
crystals will be distinctly visible in the centre of the roll. 
But much larger crystals are obtained by dissolving powdered 
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roll sulphur in carbon bisulphide and allowing the solution 
to evaporate slowly into the air, when fairly large, perfectly 
formed octahedra of sulphur will be obtained? This kind of 



Fio. 247.— Crystals of copper sulphate. 


sulphur is the most stable form ; the other varieties gradually 
change into octahedral sulphur if left to* themselves exposed 
bo the air. 

Prismatic sulphur. — The second crystalline variety of 
sulphur is called prismatic sulphur. It is obtained in the 
Porm of clear, needle-shaped crystals by carefully melting 
powdered roll-sulphur in an evaporating basin and allowing 
the liquid obtained to cool slowly. As soon as a film of solid 
mlphur has formed on the liquid sulphur, two holes are pierced, 
ind the remaining liquid rapidly poured through one of thorn, 
[f the film he removed and the inside of the basin examined, a 
number of clear, needle-shaped crystals of prismatic sulphur 
ire .seen (Fig. 248). But when the basin is examined again after* 
in interval of a few days the crystals are no longer clea^ ; they 
liave become opaque owing to the transformation of each needle 
into a number of minute crystals of octahedral sulphur, which, 
IS has been remarked, is the stable form of sulphur. 

Plastie sulphur. — When boiling sulphur, which may be 
obtained by melting powdered roll-sulphur in a large test- 
:ube, is cooled suddenly by pouring it into cold water, it under- 
goes a remarkable change. If a piece of the sulphur, solidified 
n this manner, is taken out of the water and examined, it is 
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found to be like caoutchouc ; it can be pulled about like chew- 
ing gum, and i# is quite as elastic. This springy material is 
plastic sulphur. But if plastic sulphur be left to itself for a 
day or two it gradually changes back into octahedral sulphur, 
another reason for regarding the octahedral as the stable form 
of the element. In this process of reconversion there is no 
change of weight. 

BjStectS of heat upon sulphur.— Sulphur undergoes a series 
of changes as it is heated. To follow the changes satisfactorily 



' Fkl $ 48.-— Crygtals of prismatic sulphur, 

Jhe heading must be very gradual. When powdered roll-sulphur 
is heated in a large test-tube it first melts, at about 114“ C., into 
an aruber^Jb^^:liquid, which when poured into cold water 
solidifies into ordinary yellow sulphur. On continuing to heat 
the melted sulphur above 114“ C., however, it gradually gets 
darker and darker in colour, becoming thicker and tliicker in 
c on a iatency, until at about 250“ C. it is so viscid that the tul>e 
containing it can be inverted and the liquid will not flow. But 
if the temperature be still fuither raised, the thick liquid 
heconm mobile again, and by and at 440“ C., it boi^s, 
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changing into a dark orange-red vapour. The vapour, by 
sudden cooling, can be changed into a yellow uolid, known as 
“flowers of sulphur.” If the boiling sulphur be poured into 
cold water it is converted into plastic sulphur. 

109. OXIDES OF SULPHUR. 

i. Burning: of sulphur in air. — Place some sulphur in a deflagrating 
spgton (Fig. 220) and hold the spoon in a flame of a laboratory 
Tmi'ner. Notice that tlie sulphur burns with a feeble, p^le blue 
flame. Observe aiiflbcating fumes of “ burning sulphur.” 

ii. Burning of sulphur in oxygen. — Refer to Expt. 92 v., and bear 

in mind sulphur dioxide is ala^ formed in this caseT^nd that the 
experiment shows the gas is soluble in water and that the solution 
has an acid reaction. ^ , 

iii. Bleaching power of sulphur dioxide. — Remove the stdpper from 
a belljar, and replace it by. a tightly fitting cork through which a 

wire with a hook on the lower end 
is passed. Suspend a few brightly 
coloured flowers liy a thread from 
the hook^ Iti a^ small basin place 
)me fragments of brimstone, and 
with the aid,, of the flame of a 
laboratory burner set the sulphur 
alight. ITace the bell -jar with the 
flowers in it over yie burning sul- 
phur. Notice that after a time the 
flowers are bleached (Fig. 2-19). 

iv. Sulphur dioxide can he ob- 
tained from sulphuric acid.-- In ,a 
flask fitted with a cork and delivery 
tube place some copper turnings and 
some strong siiljiliurie acid, and 
lu'at over wire gauze by means of a 
Bu nsen fl ame. A gas is given ofi',» 
birfT'asnt is soluble in w.ater, it 
cannot be collected in the same 
way as hydrogen and oxygen. 
Being heavier tharf air, however, it 
may be collected in the manner 
shown in Fig. 244. Obtain by this niijans two Jars of the gas. 

In (1) place a lighted taper, and in (2) a piece of moi.st red flannel 
or a coloured flower, allowing it to remain for some time. 

V. Sulphjirous acid and sulphites. — Using the flask you have 
alreafiy Attend for the preparatirm of the gas, allow 'the sulphur 
dioxifh' to bubble through solution of caustic soda, which, w'e 
have n, I read y sc'cn, has the power of turning rod lit iuus blue, and is 
oa’led an alkaji. Observe that the gas is absorbed, and that after a 
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time the liquid bmells of the gas and lias become slightly aoid. Boil 
the solution and oliservo that the smell disappears, showing that the 
gas IS expelled by heating, while by further evaporation a white 
solid IS ultimately left Examine this solid, which is evidently 
soluble in water, and satisfy yourself that it is not caustic soda, 
having no action on litmus Add to it a little sulphuric acid and 
observe the smell of sulphur dioxide. 


Oxides of sulphur. —Sulplfur forms two ddfereiit compounds 
with oxygen, one called sulphur dioxide, the *other sulphur 
tnoxide. Tlie latter compound contains half as much oxygen 
again as the foiiiier. 

Sulphur dioxide.— The simpler oxide of sulphur is formed 
when sulphur bums in air or oxygen. Tlie only difference in 
the two cases of buriuiig is that when the sulphur combines 
with the oxygen of the air the combustion is feebler, and the 
sulpUpr dioxide formed is mixed with the nitrogen of the air ; 
when the burning takes place in ])ure oxygen it is miicl^ more 
brilliant, and the sui]))iui dioxide formed is pure . 

Sufjihur dioxide is most commonly obtained in theJab orator y 
in larger quantities by acting upon hot, strong sulph’uric acid 
by means of copper *oi* mercury* It can easily be shown, by 
heating copper in strong sulphuric acid, that 


Copper 


in action Sulphuric 
with Acid 


forms 


and 


Sulphur 

Dioxide. 


Copper 
Sulphate 
(Fig. 247) 

In preparing the gas, the apjiaratus shown in Fig. 244 is 
employed, without tlie wasli-bottle, and, as in the case of 
chlorine and hydrochloric acid gas, sulphur dioxide is collected 
by downward displacement. This is because the gas is heavier 


than air aud soluble in water. 

Bringing together the properties of sulphur dioxide, which 
tiifferent experiments already described have demonstrated, it 
may b^ said to be a colourless gas, with a suffocating odour, 
heavier than air, soluble in water — forming an acid solution — and 
possessed of strong bleaching powers. Its bleaching powei^s are 
made use of commercially fii the preparation of straws and silks. 
It will not burn or support combustion. 

Sulphurous acid.— The acid solution of sulphur dioxide in 
water is often regarded as BTilpliiirou8 acid, the gas having 
entered into chemical union with the water. On boiling the 
water the whole of the dioxide is expelled. When sulphur 
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dioxide is passed into a solution of caustic soda, the caustic 
soda gradually loses its power of turning red litmus paper blue. 
On evaporation a white solid is obtained which is not caustic 
soda. The formation of this solid is an example of the produc- 
tion of a salt, and many other salts are formed by analogous 
methods. The salts produced by neutralising sulphurous acid, 
as the solution of sulphur dioxide is called, ai*e known as 
sulphites, and the particular salt prepared in Expt. 109 v. is 
sodinin sulphite. All the sulphites are characterised by their 
property of giving off sulphur dioxide when acted upon by 
sulphuric or »other strong acid. 



Sulphur trioxide. — Sulphur dioxide can be made to combine 
with a further quantity of oxygen. The process is not so 
straightforward as most of those already described, but it is 
not difficult to understand. A mixtuie of sulphur dioxide and 
oxygen is passed over heated platinised asbestos. [Platinised 
asbestos is prepared by dipping asbestos fibres into (l)platinic 
chloride solution, (2) ammonium chloride solution, and heating 
strongly. By this means the asbestos becomes coated with a 
quantity of very finely divided platinum.] White fumes are 
formed in abundance, and when cooled sufficiently they change 
into a white powder, or crystals, known as sulphur trioxide. The 
apparatus necessary for the purpose is shown in Fig. 250. 

Sulphur combines Oyrnirw Sulphur 

Dioxide with more form Trioxidb. 




SULPHUR AND SULPHURIC ACID 


.^85 


The crystals of sulphur trioxide obtained in the above process 
are very soluble in water, the solution being accompanied by a 
hissing noise as when the oxide of pliosphoius (p. 391) dissolves 
in water. The solution obtained is sulphuric acid. 

Sulphur combines WArrvp Sulphuric 

Trioxidb with form Acid. 


UO. SULPHUBIG ACID. 

1 Relative density of sulphuric acid — Make a mark upon a small 
beaker about one-thud ot the height fiom the bottom Weigh the 
lieaker. l^our distilled water into the beaker up to the niaik. 
Weigh again and so deterniuie tho weight of the water. Pour out 
tlie water and carefully dry the beaker inside and out. Fill up to 
the mark with strung 8ul]ihuiic acid, being caieiul to upset no 
acid on tlie pan of the balance Weigh again and determine the 
weight of the acid. What is the relative density of tlie acid ? (See 

p 62i) 

li. Heat developed during solution of sulphuric acid. — Pour strong 
sulphuric acid into a graduatiHl measuring jar with a spout. Place 
a measured quantity of water, say 250 c c. in a jug or large beaker. 
Take the tempoiature ot the water. Add 25 c.c. of the acid to tho 
water, pouring it out in a continuous small stream (for if the acid 
splashes it will injure you or your clothes). Keep the water stirred 
with the thermometer all the tune ; read the highest temperature 
recorded by the thermometer. Similarly add a second 25 c.c. of 
acid and again read the tcmiperaturc. Then add a third 25 c c. of 
acid, ahvays keeping the mixture stirred, and again read the 

never he jwured into strvnfj suiphnric acid because of 
thisjijeneiution of heat 

ill. Sulphuric acid has a strong afi^ty for water.— (a) Into a 
small weighed beaker, or wide- mouthed Inittle, put enough strong 
sulphurio acid to reach to aliout one-third of the height. Weigh 
Again and determine the weight of the acid. Stick a piece of 
gunimeik paper outside tha lieaker to mark the level of the acid. 
Leave the acid exposed to the air for a <iay and then weigh again. 
Notice the increase in weight and also that the level of tlie liquid is 
now above the paper. The increase in weight and volume is due to 
water absorbed from the air. 

(b) Pour the strong acid on sugar. The charring which is observed 
IS due to tho absorption of water and the separation of carbon. 

iv. Acid properties. — (a) Observe again the acid properties by 
tasting the very dilute solution and testing it with blue litmus 
paper. 

(&) Place a little of a dilute solution of sodium hydrate in a beaker ; 
test it with a red litmus paper. Now add, little by little, some of 
L.8. 1. 2b 


tempera tiire. 

• Water should 
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tlie acidified water. A point will Ik? hooii reached when the solution 
has no effect on litmus. The acid has neiUralised tin* sodium li^^luite. 
If the solution be* evaporated neaily to diyness and allowed to stand 
crystals will be obtained, known as t^odimn sidphafe. 

V. Action upon metals — Refer to E\pts 95 i and 105 iv. 

Vi. Test for sulphuric acid and soluble sulphates. — To dilute 
sulphuric acid or a solution ot any soluble sulphate, such for 
example as the sodium sulphate obtjiiiu‘d in Expt. 1 10 iv., add a 
few drops of barium chloride or biiium nitiMte solution. Notice 
the dense white pieoipitate whicli is formed. T’lie precipitate cannot 
be got rid of either by boiling or by the addition ot acids. 

Sulplmric acid. — Its simple properties and its action on 
metals have alre«ady been studied. With soiiu^ iindals, c.//. zinc, 
it reacts when cold and dilute, liberating hydrog'en ,md forming 
a sulphate of the metal ; with others, c//. copper, it lies no action 
until heated, when it produces a sulphate, but witli the libera- 
tion of sulphur dioxide. 

With substances known as alkalies, of wlii( h sodium hydrate 
is a typical example, sulphuric acid also forms sulphates, that 
resulting from its action upon sodium hydrate being known as 
sodium sulphate. 

A similai action takes place when the sueli as magnesia 
or inagnesiiim oxide, neutralises sulphuric acid. In this case 
mag^nesium sulphate is pi'oduced. 

CHIEF POINTS OF CHAPTER XXVIII. 

Sulphur is a b ritt le, yellow solid, which may easily be reduced to 
a fine powder. It is insoluble in water, hut dissolves in caiboh 
bisulphide. It melts at about 114^C. to a clear, yellow, mobile 
liquid, which, when iioured into cold water, solidificvs to ordinary 
yellow sulphur. On further heating, the yellow liquid becomc's 
darker in colour, and more*, viscid, until at about 250'’ C. it will not 
run out, even though the vessel containing it is inverted. At still 
higher temperatures the liquid again liecoines thin and mobile and 
finally boils, evolving a dark orango-red vapour, which condenses 
either to an orange liquid or to a yellow powder. If the ’boiling 
sulphur be poured into cold water it solidifies to a solid resembling 
caoutchouc. 

This elastic solid is called plastic sidpJmr, If left m contact with 
air it returns to oi’dmary sulphur m a few days without any change 
of mass. The yellow powder into which sulphur vapour condenst*s, 
without mssing through an intermediate liquid state, is called 
flowers of otdpnur. Ordinary commercial sulphur is called roll 
sulphur, ■ ' 

Crystalline sulphur. — ^The crystals left w’lien a solution of sulphur 
in carbon bisulphide is allowed to evaporate have an octahedral 
form. Those oWined from melted sulphur are necdle-liko and 
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called prismatic. The jjriamatic suljihur crystals will, if left alone, 
gradually change back Ui tiic octahedral variety. 

Allotropy is tAe property some simple substaneub, like sulphur, 
possess of existing in dilfeient forms which are known as allotropic 
jotma. The chief allolmpio forms of sulphur are the octahedral, 
piismatic, and plastic. 

Oxides of sulphur. — Sulphur dioxide is foimed when sulphur burns 
in air or oxygen. It is also given off when copper is heated with 
strong sulphuric acid. It is a gas with a pungent smell, which does 
not burn or support combustion, and has tlw' powc'i* of bleaching 
vegetable colours. It ilissolves in water to form aul^dLuro'us acid. 
Sulphurous acid foinis salts called sidph%tf‘s 

Sulphur trioxide — l>y suitable moans sulphur dioxide can be made 
to combine with moie oxygon to foini a higher oxide known as 
sulphur tnoxide. This oxide dissoUes in water, with a hissing 
noise accompanied by the evolution of mu<;h heat, to form mdphuric 
acid. 

Sulphuric acid is a heavy, oily liquid which boils at 335“ C , 
giving off choking, pungent, while fumes It mixes ivith watei in 
any proportion with the evolution of much heat. It absorbs moisture 
very readily, and is consequently used for diying gai>es. For the 
same it chars any organic substance it comes in contact with, 

Sulphuric acid foiras with alkalies salts called ardphatea. 


EXEBCISES ON CHAPTER XXVIIl. 

1. pescribe the changes which sulphur undergoi*s when heated. 

2. What is plastic sulphur, and how is it obtaine<l ? How w’ould 
you prove it consists solely or sulxihur ? 

3. What happens when .sulphur burns ? By what other method 
c^n you obtain the jiroduot formed ? 

(live an account of the pioportios of sulphur dioxide. 

5. De.soribe the appearances and in*operties of sulphur trioxide. 
How IS it obtaiiuHl, and what is iks action on water "i 

6. How would you .show that the gas formed when brimstone 
Burns in air has the power of bleaching vegetable colours? 

7. How is the element sulphur found naturally ? Name as many 
chemical compounds as you arc acquainted with, known as minerals, 
which contain sulphur as one of their constitiu'iits, 

8. What do you mean by the ” melting-point ” of a substance ? 
Why cannot wo speak of the “melting-point” of glass? Contrast 
the “ melting-points ” of mercury, lead, and iron. 

9. Give as many examples as you can of substances which, 
whilst differing m appearance and physical properties, are not- 
withstanding identical in chemical composition. Indicate in 
each case how chemical identity could be experimentally de- 
monstrated. 
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10. What gaseous com|M)uncls of sulphur are you acquainted with ? 

Describe how you would propose to obtjiiii them from ordinary 
flowers of sidphur as the source of the element. ^ 

11. How would you prepare crystals of sulphur from flowers of 
sulphur? What experiment would establish the chemical identity 
of the various forms of sulphur ? 

12. What do you know al)Out the action of sulphuric acid on 
(1 ) lead, (2) iron, (3) copper ? 



CHAPTER XXIX. 


PHOSPHORUS. COMPOUNDS OF NITROGEN. 
NITRIC ACID AND AMMONIA. 

f ' 111. PHOSPHORUS AND ITS OXIDES. 

i. Properties of phosphorus. — (a) Obstjrve the appearance of somo 
ordinary sticks of phosphorus. Notice the manner in which tl»ey 
are Kept. Cart?fully cut a stick mider wattr^ and observe the 
appearance of the cut surfacjc. Note the phenomena observed when 
phospliorus is exposed to the air in tlie dark. 

Place a little phosphorus in an evaiuarating,. basin containing 
water, and heat slowly. Note the temperature at which the 
phosphorus is seen t<# melt. Allow it to cool. 

(c) Shako up a small piece of phospliorus in carbon bisulxihidc 
(see Expt. 108 iv.). Notice that it dissolves. Pour the solution on 
to a piece of filter pap<T. Observe the efiect. 

(fi) Repeat Expt. 88 i. Observe the donsQ. white fumes. Add 
wat<?r ana shake — the fumes dissolve. In""the solution put a little 
blue litmus paper. Note that it is turned red. 

General characters of phosphorus. — Phosphorus, like 
sulphur, exists in different allotropic forms, and these must 
bQ examined fii-st. Ordinary phosphorus, which is always 
kept under water, will probably appear at first to be a dark 
yellow, or brown, opaque solid. This is not, however, its 
true appearance, but only that of a film which coats the 
exterior. If a piece of pliosphorus be cut it will be found to 
consist of a waxy, translucent solid, of a pale yellow colour. It 
very readily inflames ; contact with any warm object is 
sufficient to start the combustion. For this reason it should 
not be bandied, and when not in use should be kept immersed 
ill water, in which it is insoluble. Phosphorus glows in the 
dark, forming white fumes. Both glow and fumes are due 
to its gradual oxidation. Phosphorus itself, as well as the 
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fumes formed when it ia exposed to the air, are poisonous, and 
hence care must be taken during its use, both ou this account 
and on account of its inflammability. « 

If a piece of ordinary phosphorus is placed in water in a 
aiuall basin and heated, it will be found that the phoaphorus 
melts at about 43® C , but remains liquid below this tempera- 
ture. This is fre<juently the case with melted solids, but during 
the solidification the temperature again rises to the melting 
point. If the water be poured off, the phosphorus frequently 
catches fire, as it inflames in air at a temperature below the 
melting point. Yellow phosphorus, though insoluble in water, 
is readily soluble in carbon bisulphide. If its solution in this 
liquid be allowed to evaporate on a piece of filter paper, 
the whole may ignite Hpontaneously Tlie evaporation of the 
solvent leaves the phosphorus deposited on the filter paper m 
so finely divided a state that it rapidly oxidises, charring the 
paper, even setting it alight. By careful evaporation of the 
solvent, crystals may he obtained. • 

Bed phosphorus. — ^Tbia allotropic form of phosphorus is a 
dark, brownish-red powder. Examine it‘ carefully and note 
well the differences from the cmlinaiy variety ; substitute red 
phos})horus and try again the various exjioi imerits performed 
already. Bed phosphorus will lie found to bo insoluble in 
carbon bisulphide, and to ignite only when strongly heated 
(240"* C".). It is not luminous, neithei* does it oxidise when 
ex|x»sed to moist air. It is therefore not necessary to keep red 
jiliosphorus under water. Bed phosphorus, or amorphoiuf 
pliosplioms, as it is also calle<l, is, further, non-poisonops. 
The chief use of phosphorus is in tlic making of matches. The 
common red match is tipped with a nuxtuie containing 
ordinary yellow phosphorus. The so-called safety match hast 
no phosphorus on its tip, but ia sti'uck by friction against a 
specially prepared surface coated with a mixture containing 
red phosphorus. 

Phosphorus and oxygen. — When phos})horus burns it forms 
a compound called phosphorus pentoxlde. This w the product of 
combustion when either red or yellow phosphorus is used, and 
this fact may serve to prove that the two varieties ai-e chemically 
identical. This oxide is readily obtained as dense white fumes 
when phosphorus is burnt in either air or oxygen ; these fumes 
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settle into a white amorphous powder which dissolves with a 
hissing noise vciy leadily in water, forniing an acid solution. 

Jf left exposed to the air the oxide absorbs moisture, being, 
in fact, one of the most p<)werful of drying agents, on account of 
whicli it IS frequently used as a dehydrator (? e. for the purpose of 
removing moisture from gases or liquids). For the same reason 
it IS of service in promoting many chemical reactions, the essen- 
tial part of which is the removal of the elements of water. 

Phosphoric acid and phosphates — The acid solution which 
is formed when ])hoHpliorus pentoxide is dissolved in water is 
known as phosphoric acid.^ We may also obtain the acid 
directly from phosphorus itself by means of nitric acid, which 
IS a poweiful oxidising agent (i.c. a substance which readily 
gives up oxygen to other liodies). 

WJien nitric acid and phosphorus, which may be of either 
variety, are gently warmed together, an energetic action results, 
a<*compaiiicd by an evolution of i*ed fumes. On evaporation to 
dryifess a gelatinous product, which cools to a hard glassy mass, 
remains. 

'riie pliosphoiic acid so obtained ivS a crystalline solid which 
dissolves in water Like other ids, it may be neutralised by 
the addition of caustic soda, and a salt obtained. The salts 
obtained from phosyilioric a<*id are known as phosphates. 

Phosphorus trioxide, -Otliei f>xides of jihosphorus exist, how- 
ever, besides the pentoxide, and of these the most important 
is that known as phosphorus trioxide, 2)hoRpkorus oride^ or 
phosphorus anhf/dridp I'his oxide results, to a small extent, 
when phosphorus burns in air, the quantity increasing when the 
supply of air is insuflieient. It is a "wliite solid wuth a garlic- 
like odour, and it diffei's gieatly from the pentoxide in its 
•action on water, as it is only very slowly dissolved, forming 
an unstable acid, phosphorus acid, the salts of which are called 
phosphites. 

Manufacture of phosphorus.— Phosphorus is employed for 
various purposes, but the greatest cyuantity is used for the pro- 
duction of matches, the tips of which consist of a little wax with 
phospliorus and potassium chlorate. The chief source of phos- 
phorus is the residue obtained on burning bones, which is 

1 Tbia acid robiilts when the water is hot : when cold water is used, aiiuthex 
acid, which gradually changes to this one, is produced. 
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known as houfi oak^ and consists of phosphate of calduva^ 
This product is converted into phosphoric acid by treating 
with sulphuric acid, when the following change 'takes placie : 


Calcium 

Phosphate 


and 


Sulphuric Calcium 

Acid ‘ Sulphate 


, Phosphoric 
Acid. 


The calcium sulphate, being insoluble, is easily separated from 
the acid, which is then concentrated and heated with powdered 
coke in cast-iron retorts connected with pipes dipping under 
water, by which means phosphorus is obtained. 

The crude phosphorus so prepared is purified by melting 
under warm water, the melted phosphorus being then cast, 
while still under water, in the form of round sticks. 


112. NITRIC ACID. 

i. Preparation of nitric acid. — Int^ a stoppered retoi 
used in the distillation of water (p. 340), place 30 or 40 grams of 
small crystals of potassium nitrate (also known as nitre). Using a 



Pio. 261. —An experiment to show that uitnc acid easily gives up oxygen. 

funnel, carefully introduce enough strong sulphuric acid to cover 
the nitre. Replace the stopper. Place the retort on a stand as 
shown in Fig. and insert its neck in that of a flask which is 
continually kept cool by water, just as m the distillation of water. 
Gently heat the retort. Brown fumes are given off in abundance, 
and soon drops of a light yellow liquid are seen to fall into the 
receiving flask. When enough nitnc acid has distilled over, remove 
the laboratory burner, and while the materials in the retort are still 
liquid, pour them, after removing the stopper, from the retort into 
an evaporating dish. 

U. FropertieB of nitric acid.— Test the action of nitrio aoid upon 
metals and upon litmus. 


NITRIC ACID 


lii Nitric acid easily gives up oxygen.— Procure a clay tobacco 
pipe of the pattern known as a “ church -warden,” and, by means of 
a retort-stand weth a clip, support it in the position shown m Fig. 
251. Lot its stem dip into a pneumatic trough m the manner the 
illustration makes clear. Heat the middle of the stem with a 
Bunsen burner until it is red-hot. When this is the case, drop 
sttong nitric acid slowly into the bowl. You will notice that a 
colourless gas colloets in the cylinder over the pneumatic trough. 
When a suBicient amount of tlie colourless gas has been obtained in 
the cylinder, lift the stem of the pipe out of tlie water, and remove 
the burner. Test the gas in the cylinder with a glowing splinter of 
wood. The gas is oxygen. 

iv. Formation of a nitrate.— Dissolve some caustic soda in water 
and add nitric acid gradually until a blue litmus paper placed in 
the solution just becomes purple. Tins shows that the acid has 
neutralised the caustic s<Kia. Evaporate tlie solution till crystals 
appear on cooling, and allow the sodium nitrate to crystallise out. 
This experiment is an example of the production of a neutral salt 
from an acid and a soluble base, or alkali. 

Nitric acid. — One of the most important compounds with 
which chemists are familiar is an acid which has long been 
known under the name of aqua fortis. It is a compound of 
nitrogen with hydrogen and oxygen. It can be prepared by 
synthesis (p. 343) from its constituents, but the experi- 
ment is rather one of theoretical interest than of practical 
importance. It is always prepared by distilling a nitrate with 
strong sulphuric acid. Either potassium nitrate, which is more 
familiarly known as “saltpetre” or “ nitre,” or sodium nitrate, 
also called “Chili saltpetre,” is generally employed. The latter 
salt is the cheaper, and in addition yields a larger amount of 
nitric acid for a given expenditure of sulphuric acid, so that it 
is more commonly employed than ordinary saltpetre in the 
manufacture of nitric acid. 

The changes which take place when potassium nitrate 
il distilled witli sulphuric acid in a glass retort, as de- 
scribed in Experiment 112 i., may be expressed by stating 
that 


Potassium , Sulphuric 
Nitrate ^ ^ Acid 


form 


Potassium 
Hydrogen and 
Sulphate 


Nitric 

Acid. 


In the manufacture of nitric acid on a large scale, however, 
greater heat is employed, lliis is possible because earthenware 
retorts replace the glass vessel of Experiment 112 i. In 
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these circumstances the chemical change is taken a step 


further : 


Potassium 

N ITRATE 


Potassium 

and Hydrogen form 
Sulphate 


Potassium . . Nitric 

Sulphate Acid. 


A further quantity of nitric acid is, in this way, obtained with 
the same expenditure of sulphuric acid. 

For practice the student should write out statements to 
show the changes that take place when sodium nitrate is made 
use of instead of potassium nitrate. 

Properties of nitric acid, —The simple properties of nitric acid 

have been studied in 
the experiments on 
p. 393, to which the 
student should refer. 
Its chief uses and its 
great a c^iyi tv are dii^' 
to the readiness with 
which it gives up 
oxygen, and for this 
reason it is called an 
oxidiser. Not only 
does nitric acid give up oxygen when it is passed over a»heated 
surface, as in Experiment 112 iii., but also in coming into con- 
tact with different substances. For example, if strong nitric 
acid be dropped upon heated sawdust, the organic material 
catches on fire. Or, if a stick of charcoal be made red hot and 
plunged beneath the surface of some strong nitric acid, it* will 
burn brilliantly at the expense of the oxygen in the nitric acid. 

Nitric acid acts readily upon most metals. With lead it giv^s 
ofif red fumes and the liquid when evaporated yields Qolourless 
crystals of lead nitrate (Fig. 252). Cn|)p(‘r is rapidly dissolved, 
a green liquid being produced, which becomes blue on diluting 
with M^ater, together with red fumes. The liquid oh 
evaporation yields dark blue crystals of copper nitrate. In a 
similar manner mercury nitrate in the form of colourless 
crystals can be made by dissolving mercury in nitric acid. 



Fio. 25 2. —Crystals of lead nitrate. 
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113. AMMONIA. 

i. Preparation of ammonia — (a) Place Rome ammonia solution in 
a flask and boil, allowing the gas that 
IS evolved to pass over quiok-lime or 
solid caustic potash in order to dry 
it. Collect several jars of the gas as 
shown in Fig. 253. Observe the gas has 
the* same smell as the liquid and acts 
similarly on rod litmus. 

ii. Properties of ammonia. -—(a) In one 
jar place a lighted taper. 

(/>) Place a second jar in water, and 
note the rapid absorption of the gas 
and the rise of the water in the jar 

(c) IVp a rod m hydrochloric acid and 
hold it over a jar of the gas. Observe 
the formation of white fumes. 

(d) ^hake up a jar of the gas with a 
little water. Examine the solution See 
that it is identical with the “ammonia 
liquid,” from which gas was ob- 
tained, and that it loses its odour on 
boiling, the gas being evolved. 

(e) Heat an ammonium salt with caus- _ 
tie soda or lime, or merely well mix tlie *’ Ammoma 
two m*a mortar with the addition of 

a little water. Observe by the smell that ammonia is pro- 
duGcd. 

]?rop6rties and composition of ammonia.—The liquid com- 
monly known in tlie laboratory as ammonia has a sharp pungent 
smell and colours red litmus blue. If this liquid be heated, a 
gas is given off which may be dried by passing over quick- 
liiiie, and collected by upward displacement, as illustrated in 
Fig. 253.* It is found that the “ ammonia liquid ” is merely a 
solution of a gas, viz. ammonia, which is very soluble in 
water, turns red litmus blue, does not support combustion, 
and is apparently not combustible. In an atmosphere of 
oxygen, however, the gas readily burns, forming nitrogen 
and water. It hence contains niti-ogen and hydrogen, and 
may, in fact, be proved to have the composition, three 
volumes of hydrogen to one volume of nitrogen in two volumes 
of the gas. To prove this, a long tube is filled with chlorine 
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gas, and by means of a funnel and the stopcock (Fig. 254) 

some strong liquid am- 
monia is run into the 
gas. Combination ensues 
between the chlorine and 
the hydrogen of the am- 
monia with the formation 
of white fumes, and fre- 
quently a fljish of light. 
The stopcock is then opened 
under water, when the 
water rises and fills two- 
thirds of the volume of the 
tube, the gas remaining 
being nitrogen. As chlorine 
combines with an equal 
volume of liydrogen to 
form hydrochloric acid, 
the volume of nitrogen in 
the ammonia is only 
one-tliird that of the 
hydrogen. 

Fig. 254.-Tute for detemlning tho com- The white fumes , formed 

position of uiumoiiia above experiment 

and by the action of tlie gas on hydrochloric acid are fumes 
of ammonium chloride : 



Ammonia and 


Hydrochloric 

Acid 


• Ammonium 
form ,, 

Chloride. 


The gas ammonia is very readily driven off from ammonium 
salts by the action of caustic soda. This method is very com- 
monly used for the preparation of the gas. 

When ammonium salts are heated they are geneT*ally driven 
Into vapour. Ammonium chloride sublimes without decom- 
posing. Ammonium nitrate is decomposed into a gas known 
as nitrous oxide, which closely resembles oxygen in its pro 
perties, and water in the form of steam. 
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CHIEF POINTS OF CHAPTER XXIX. 

PhesplioruB, like sulphur, oxists in diilerciii allotiopic forms. 

Ordinal y phosphornH is a waxy, translucent solid of a pale yellow 
colour. It very readily inflames and should not, in consequence, be 
handled, and when not in use should bo kept immersed in water. 
It glows m the dark, evolving white fumes. It is poisonous. It 
melts at about 43" C. It is soluble in carbon bisulphide. 

lied phosphorm is a dark brownish-red powder, insoluble in carbon 
bis^l])hide, and only ignites when strongly heated. It is non- 
poisonous. It need not Ixi kept in water. 

Phosphorus and oxygen.— When either ordinary or red phosphorus 
is burnt ir air or oxygen a comjiound called jilionphonm pentoxide is 
formed, it is a wliitc amorplious powder which dissolves very 
readily in water, to form an acid solution known as 2 iJmph(yi'ic acid. 
Phosplioric acid may 1x5 obtained direcstly fmrn phosphorus by 
oxidisiyg it with nitric acid. 

l*lioHphorio atiid form.s salts called 

I*ho8phoru8 trioxide is formed to a small extent when phosphorus 
burns m air, the quantity increasing if the supply of air is 
insufficient. It is a white solid with a garliodike odour. With 
water it forni.'i phosphorus acid. 

Manufacture of phositiorus.- Phosphorus is usually prepared from 
tlie residue obtained by burning Ixmes. This residue is a phosphate 
of calcium. By treating this compound with sulphuric acid it is 
converted into phosphoric acid. After concentration the phosphoric 
acid is heated with powdered coke in cast-iron retorts, when 
phosphtois distils over and is cended by water. 

Nitric add, soraotimes called aqm fnrtiHy is prepared by dis- 
tilling potassium nitrate or sodium nitrate with strong sulphuric 
acid. 

!IJeing an acid it has a sour taste and turns a blue litmus paper 
red. It is colourless when pure and is deconiiiosed easily when 
heatdd. It acts violently on most metals. Its gieat actiyity is due 
to the readiness with which it gives up oxygen. 

Ammonia.— When the gas, ammonia, is dissolved in water, the 
sc)|ution which is produced acts as an alkali. The salts which it 
forms ary known iis ammonium salts, e.g. ammonium sulphate. 
When the solution of ammtmia in water is heated the dissolved 
gas is again driven off and can be dried and collected. 

The gas itself is colourl(5SS, has a pungent odour, and is exceed- 
ingly soluble in water. It burns in oxygen, Init will not support 
combustion. 



398 


LESSONS IN SCIENCE 


QUESTIONS ON CHAPTER XXIX. 

1. There are two forma of phosplionis. What are the charao- 
teristio differences between them? How would you show their 
identity ? Of what industrial importance are the two forms of this 
element ? 

2. What is formed when phosphorus burns ? Give an account of 
the appearance and properties of the product. 

3. What are phosphates, and how may they be obtained ? 

4. Describe, with diagram, an experiment to find the relative 
weights of phosphorus and oxygen which combine during the com- 
bustion of phosphorus (see also Chap. XXIX.). 

5. For what purposes may the higher oxide of phosphorus be used 
in chemical work, and to what property is its use due ? 

6. Give a short account of the mode of production of phosphorus. 
For what purposes is phosphorus chiefly employed ? 

7. You are provided with some nitre and strong sulplmric acid ; 
describe fully now you would proceed to prepare a specimen of nitric 
acid. 

8. Why is nitric acid said to be an oxidiser ? Describe an experi- 
ment to show its oxidising power. 

9. State the composition and principal properties of ammonia. 
What happens when it is mixea (a) with water, (6) with nitric 
acid ? 

10. You are given a number of cylinders containing ammon’a gas. 
Describe the experiments you would make in order to illustrate the 
chemical and physical properties of the gas. 

11. Describe experiments which could be performed in order to 
demonstrate the points of difference between an ar^ueous solution of 
ammonia and of caustic potash respectively. 
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CALCIUM CARBONATE AND SULPHATE; SILICA. 

114. CALCIUM CARBONATE AND SULPHATE. 

Occivrrence of carbonates.— We have Jready seen that chalk 
consists of calcium ciiibonate. The pioduction of lime from 
this source, together with its I'ecoii version into calcium carbonate, 
have bhen studied al r eady in Chapter XX VI. Calcium carbonate 
oi'curs naturally in several distinct forms, mid many rock masses 
arc largely or entirely 6uilt up of this compound. When pure it 
occurs crystalline as the minerals calcite and aragonite, which 
differ only in their ei-ystalline forms and physical properties. 
(Jalcite^is also known as Icdami spar, culv. spar, and by other local 
names. It is gcner;il ly cpiite tnijjiyparent and somewhat resembles 
quartz, from which it can be distinguished by its inferior hard- 
ness. It is easily scratched by a knife, while quartz is unaffected. 
It "is what is called a dQji})lj(^ref7'(icting substance. If a clear 
crystal of Iceland spar be placed iipoii the page of a book and the 
print viewed through it, two images of each word will be seen, 
(hlcium carbonate also occurs more or less pure in the earth’s 
ci%st in a great variety of forms, such as chalk, limestone, 
Btalactitet stalagmite, travertine, etc., some of which have been . 
formed by purely chemical means, others by the aid of living 
organisms. 

Those formed by chemical means owe their formation to the 
power, possessed by water containing dissolved carbon dioxide, 
of dissolving calcium carbonate, which is again precipitated 
when carbon dioxide escapes. 

Travertine or calcareous tufa is precipitated by springs which 
lose their dissolved carbon dioxide, which is necessary for the^ 
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solution of the calcium carbonate, as they flow onwards. The 
carbonate, being insoluble in water alone, is dep(jisited as soon as 
the carbon dioxide escapes. 

Stalactites and stalagmites. — The streams travensing lime- 
stone districts become saturated with carbonate of lime. In 
their course they often trickle through ci*evices in the roofs of 
caverns which have been formed in the limestojie by the solvent 
power of water containing carbon dioxide. The drop of water 


which is thereby cxpostHl on the roof, is subjected to ^vapoi’a 
tion, and the escape of the carbon dioxide and loss of water- 
cause a slight deposition of carbonate on the roof, which is 
continuously added to by a constant succession of drops, until 
eventually beautiful pendants of calcium carbonate are formed, 
called stdlaetites^ sometimes coloured by the presence of traces 
of iron oxide, and often having a wild profusion of for*ms 
(Fig. 255). Further evaporation of the water takes place on the 
floor of the cavern, giving rise to layers of the same chemical 




CALCIUM CARBONATE AND SULPHATE 


401 


compound, called stalagmites. Chalk, limestone, and coral con> 
sist almost entirely of the remains of animal organisms. 

also, •is a form of calcium caibonate. It is really 
limestone, which, by the effect of great pressure and heat in the 
earth’s ci’ust, has become much hai'dei* and at tlie same time 
crystalline. 

Calcium sulphate is a compound which occurs in vaiious 
forms including alahaater, selemte, and satin spar. The first 
of these somewliat resembles mai'ble but is softer. It is 
white or slightly tinted, and when made into vases and other 
ornaments, and therefoie polished, it is seen to be semi-trans> 
parent or translncent. Selenite is found in ti'ansparent crystals, 
or m masses which at their edges show the leaf-like or foliated 
structure of the mineral. Tlie commonest foim of calcium 
sulphate, known as gypsum, occurs in irregular masses, like dint, 
and IS a valuable miiiei al 

When either of these substances is heated it loses water of 
crystdllisation and a white jiowder known as plaster of Paris 
is obtained. This substance is the well known material used 
for mouldings, ceilings, statuary, etc. When mixed with water 
to the consistency of cream and left, it rapidly sets hard, 
• heat being developed at the time of adding the water. 

Calcium sulphate dissolves in water to a small extent, pro- 
ducing permanent haixlness in the water. It is also used in 
paper making. 


115. SILICA. 

Silica. — More widely spread throughout the eaith’s crust 
even than calcium carbonate is the compound silica, which 
‘c^msists of the oxide of an element termed silicoxL The element 
itself i# only of importance on account of the compounds it 
forms. This oxide enters into the foiiiiatioii of by far the 
greater number of minerals and rocks, being combined with 
metallic oxides in the form of silicateB ; indeed, in the free 
state or thus combined, silica foims moi-e than half the weight 
of the earth’s crust. In the pun state it occurs both crystalline 
and amorphous. Two crystalline varieties ai*e known, one, 
tridymite., is unimportant, while the other, quartz, is a frequently- 
occurring and highly-interesting mineral. If the quartz is 
48, 1, gg 
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quite clear and transparent, it is known as rock-crystal, and 
IS the BrdiJiLUm ^pebble fioui which lenses are made for eye- 
glasses, etc. Sometimes the oxide of aTeavy hictal is present, 
colouring the quartz. 

Many sjjids arc made up entirely of grains of (piaitz which 
have become more or less lounded hy continual nibbing against 
one another in water. If the sand Is'cemes compacted by the 
introduction of a cement and by tlio action of gieat piessure a 

saAdstone is formed 

Amorphous Silica is found in the foim of chakedony and^ts 
varieties, ia,sper and its vai loties, and ojial. 

Chalcedony is known having all sorts of tints 'Jt is often 
regarded as a mixture of rpiartz and opal ; it is famili«ii* as the 
well-known red stone used in signet-rings and called cornelian. 
Agate IS a variegated chalcedony, composed of ddleient cohuired 
bands. FUut is generally of a black or dark grey colour, and is 
found m nodules or bands in the chalk foi'inations of Suirey, 
Kent, etc. * 

tfaeper is an opaque, impure form of silica, of a red, l)r<>wn, or 
yellow colour. * 

Op9l. — This species of natui'ally-occiiiring sihoa always con- 
tains water in varying amounts ft is supposed to eontain some 
[ quartz as well as amorphous silica. It is often used in jewejleiy ; 
one variety shows a well developed iridesctuice, and is called 
precious opal. 


CHIEF POINTS OF OHAPTEE XXX. 

Calcium carbonate is very largely found m the eartli’s ciust It 
occurs pure and cystallme in calritt and rtrar/onifr and m a los: 
pure condition m chalk, liDiefifone, ntfalacfffe'i, HfafaymiteH, fi\Tcerlme, 
etc. 

Chalk, Umestone aud coral ans eonqiosed chiefly of calcium car- 
bonate, and consist almost entirely ot the remains of animal 
organisms. 

Marble also is a form of calcium carbonate It is i*i‘allv limestone 
which by the effects of great prt'ssuro and heat in the eaitli’s crust 
has become hard and crystalline 

Qypaum or sulphate of calcium occurs under the forma of alabaster, 
satin spar, etc. When heated it yields a white powder known as 
plaster of Paris which sets hard in a few minutes on Ixiing mixed 
With a little water. 
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Silica is even more widely found than calcium carbonate. It 
constitutes, either free or combined with bases to form silicates, 
al)out one-half ttie weiglit of the earth’s crust. 

In the free state it occurs Ixith crystalline and amorphous. Two 
crystalline varieties are known, one, tridymila^ is unimportant ; the 
oth(ir, quartz, is very abundant. 

Many sanda arc made up entirely of grains of (juartz. 

Amorphous silica is found in thnic forms (1) chalcedony, (2) jasper, 
(3) opal. Carnelian, agate, and flint are coinniun kinds of 
chalcedony. 


QUESTIONS ON CHAPTER XXX. 

1. What is silica ? How does it occur in nature ? 

2. How do flint and quartz differ from and resemble one another ? 

3. Give a short account of the naturally-occurring forms of 
silica.. 

4. What is calcite ? Describe its aj)pearance. 

5. What are stalactites and stalagmites ? Of wliat do they con- 
sist aftd how are they formed ? 

6. Describe three naturally-occurring forms of calcium carbonate. 

7. What effect has* chalk upon water which flows through or 
over it ? 

8. Mention three minerals consisting of silica, and state by what 
characteristic feature you would recognise them. 

9. How would you attempt to prove that limestone, marble, and 
calcite were essentially similar compounds ? [The student is advised 
to consider well what experiments he has previously carried out with 
calcium carbonate.] 

,10. Limestone is disstjlved in hydrochloric acid and the solution 
evaporated. Briefly descrilxj the appearance and pi'operties of the 
substance which you would expect thus to be obtained, 

11. Descrilx) the naturally-occurring forms of calcium sulphate. 

12. What are the properties and uses of plaster of Paris ? 
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SODIUM, POTASSIUM, AND THEIR COMPOUNDS. 

116. SODIUM AND ITS COMPOUNDS. 

L Action of sodium on water. - Refcir to Expt. 94 iv. jj. 

ii. Glauber's salt or sodium sulphate.— Heat »onie crystals of this 
substance and notice the large quantity of water driven away. 
Prepare a hot saturatetV solution of sodium sulphate, pour it into a 
flask and allow it to co(3l while being kept perfectly still. Drop a 
small crystal into the cold solution and notice the sudden crystalli- 
sation, and at the same time the prodiictiofi of a largo amount of 
heat. 

iil Caustic soda or sodium hydroxide. —Throw some lime into 
cold water till on stirring a milky liquid is obtained. Pour some 
of this liquid into a dish and add a few crystals of waaluhg. 5 oda. 
Boil the mixture of lime and wa.shing soda for five minutl*s and 
allow the muddy liquid to settle. Pour off the cl(?ar solution and 
evaporate it to dryness. A haid white solid, sodium iiydroxide, 
is obtained. Notice that when it is left expt)8ed to the air it soon 
absorbs moisture. Dissolved in some water the sodium hydroxide 
produces a solution which seems soapy when touched ; it tastes very 
bitter. 

iv. Washing^ soda. — Heat some ciystals of washing soda and notice 
the large quantity of water driven awa 3 \ I'est some solution of 
washing soda in water with litmus j>aper. Examine the action of 
dilute acid upon washing soda. 

Sodium. — This metal has already been i-eferred to in two 
experiments. It is a soft silvery-coloured metal which’ so 
rapidly rusts or oxidises on exj^osure to air that it must be kept 
in bottles under miii^ral oil which contains no oxygen. It is 
easily cut with a knife. It burns in air or in oxygen with a 
yello\7 flame. Sodium combines with other elements so power- 
fully that it is only set free with difficulty. Davy used a strong 
olecJincjatfJWt to e lectrol y se sonie melted caustic soda. Sodium 
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is now prepared by the el fi^itroly Aist of a fused mixture of 
common salt with other chlorides. 

Sodium is a very widely occurring eXenuetttr-' Its commonest 
compound is that with chlorine or common salt, see Chap. XXVII. 
Combined with nitric acid it forms Chile saltpetre found in 
Chile and Peru (see p. 408), and it is also a constituent of some 
kinds of rioclfc 

Common salt. —See Chap. XXVII. 

Glauber’s salt, or sulphate of soda, is made by heating 
common salt with sulphuric acid. It is the substance re mainin g 
in the fliiak when hydrochloric acid is prepared, as on p. 367. 

Glauber’s salt contains no less than 56 per cent, of water of 
crystallisation, which it gives up readily when exposed to the 
air, a white powder forming on the colourless transparent 
crystals. When heated the crystals melt, and at 100° lose all 
their water and become converted into the white an h^yilrgi u 
powder. 

Su*lphate of soda is found in some naturaJLjKaJiers, and was 
formerly much used in medicine. 

Washing soda, or sodium carbonate, crystallises in large 
transparent crystals containing nearly 63 per cent, of water. 
The crystals rapidly lose this water on exposure to air or when 



Fio, 256.— Freah Crystals of Soda. (From Fio. 267.— Crystals of Soda after exposure 
a photograph by Mr. H. B. Hadley.) to the air. (From a photograph by 

Mr. H. E. Hadley.) 


heated, and fall into a fine white powder. Washing soda is 
very soluble in water, 100 parts of which at 100° dissolve 45’5 
parts of tlie crystals. When the fingers are dipped into the 
solution it is found to possess a soapy nature. 
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Washing soda changes litmus, jncviously reddened with acid, 
to its original bine colour. It is thus capable of neutralising 
acids, and in the process cai'bon dioxide escapes freely. 

The mauufactui’e of washing soda is a very great industry, 
known as the alkali nianufactuie. The explanations of the 
processes employed, of which theie are two, aie not easy to 
understand at this stage. It will be sufficient to aay that in 
both cases the soda is made from common salt. In the hist oi 
Leblanc jirocc'ss, the salt is heated with sulphuric acid, and the 
sodium sulphate so produced is stiongly heated with a luixtu^re 
of limestone and coal. The soda is dissolved out from the 
resulting substance, called black ash^ by hot water In the 
second and later piocess washing soda is made by passing 
carbonic acid gas and ammonia through a strong solution of 
common salt. , 

Sodium bicarbonate is made by passing caibon dio>ade gas 
into a solution of washing soda It forms traiispai ent colourless 
crystals which produce a cooling effect upon the tongue. * l^he 
crushed crystals are generally sold, as a white powder, for 
making effervescing drinks When stiongly heated the bicar- 
bonate gives otf carbon dioxide gas and is changed into the 
ordinary carbonate 

Caustic soda, also known as sodiimi hydrate or soflium 
hydroxide, is produced when sodium is placed in water 
(p. 334) The solution then obtained, if evaporated, becomes 
thicker and oily in dp])earance. If sufficiently strong the 
solution will ciystallise In practice caustic soda is made bj^ 
a much cheaper paiciwH. Washing sixla and quicklime 'are 
boiled together and then allowed to settle. The clear liquid 
above the white mud (consisting of chalk) is a solution of 
caustic soda. This solution is concentrated and poured into 
moukls to solidify into the sticks in which form it is sold. 

Caustic soda is a strongly alfcafeie substance which eats into 
or “burns’’ away the skin. It rapidly absorbs moisture from 
the air, finally becoming litjuid if not preserved in a closed 
bottle. It also strongly absorbs carbon dioxide gas from the air 
and gradually becomes coated with a layer of sodium carbonate. 

Caustic soda is used in the manufacture of soap, paper, and 
starch, and for many laboratory purposes. 
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ij* 

JL17. PCCPASSIUM AND ITS COMPOUNDS. 

i. Aeteon of potassium on water. — Rispuat Kxpt. 94 iv. p 384 
usmt' potciKhiuin in place of swlium Sirailar icsulta will be 
obtaiiiotl, Imt llu* pi eduction ot hydiogen is more energetic and 
//<-<’ rxppi vmrut 'icqitiren ntill 77107 e caution. 

XL Potassium chlorate. — Refer to Kxpts. 91 i. 11 . and iii., ijp. 323-4, 
foi expel inicnls with this sulwtanee. 

ill. Caustic potash or potassium hydroxide.— Repeat Kxpt. 1 16 111 . 
p 4lH using potassium caiboiiate in jilace of washing soda Notice 
th^vei y close 1 csemblancc between sodium and potassium hydrates. 

vr. Nitre, saltpetre, or potassium mtrate. — This substance has 
alreiuly been used foi the preiKiiatiou of nitric acid We may 
show that it contains a laige quantity of oxygen in several ways. 
{a) Heat some eiystals of nitie 111 i\, test tn^ie and, when melted, 
diop into tlie li(|iiid a small piec<‘ ol charcoal 'Plie charcoal bums 
witli great eneigy. The expeiiment may l)o repeated with a small 
piece iff svilpliui with similar lesults 

(6) l*iepart‘ a satuiated solution of nitre in water Dip u fiUiir' 
paper into the solution and dry it by waving the jiaper over a 
lighted Bunsen hurnei. AVhen diy apply a light to the edge of 
the paper It will be found that the paper burns away quickly 
as fell as it has been {|ii])ped into the solution, a sparkling line of 
fire taking the place ol a flame. Paper thus piepaied is called 
iouch-papf^i\ 

V. Potassium permangaiLate.— Drop two or three crystals into 
a test tiilx^ ot watiu and notice the fine ymi'ple colour produced as 
the crystals dissolve wdnle falling tliiough the watei. 

(/y) Heat a small quantity ol the solid p<’i mangfiiiate in a test tiilie 
and test tor oxygeai escaping by nu'ans ot a smoiildenng cedar splint. 

Potassium.- -This metal resembles sodium very do.sely in all 
its? propertK's The chief diflcronce, so far Jis tlie elementary 
student is concerned, lies in the fact that because of its stronger 
attraction for oxygen it is still more difficult to obtain than 
sodium It was discovered in the same way as sodium and is 
also prejiared on the huge scale by a similar method. 

Potassium is a soft liright metal which taraishes even more 
rapidly tlian sodium. It is therefore preserved under mineral 
oil or naphtha which contains no oxygen It may be easily 
distinguished fiom sodium by the fact that when thrown on 
water the licat produced is sufficient to set fire to the hydrogen 
set free. I'he hydrogen flame is tinged with violet, by the 
presence of the vajiour of potassium. 

Potassium carbonate is the c*heniical nhme for the substance 
obtained from wooi^^jdieR, whence its old name of pot-ashes. 
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The ashes are lixiviated with water, that is, water is allowed 
to dissolve as much as possible of the ashes and the clear liquid 
drawn olf and evaporated. A.t the present time most of the 
potassium carbonate is obtained from Stassfurt where are 
found large deposits of sylvine (a double chloride of potassium 
and magnesium), and of kainite (a complicaii^eijl <pompound of 
sulphates and chloride). 

The pure carbonate forma colourless crystals which, on heating, 
yield water and a white anhydrous powder which rapidly 
absorbs moisture from the air. * 

PotaBBimn chlorate. — Tliia substance has been already referred 
to in Chapter XXIV. for the preparation of oxygen, and also in 
Chapter XXVII. under “chlorine compounds” 

Oauatic potash or potaasinm hydroxide resembles caustic 
soda very closely except that it absorbs moisture fropi the 
air somewhat more readily. It is produced when potassium is 
thrown into water. Like caustic soda it must be kept from the 
air since it has a very strong attraction for carbon dioxide gas 
and forms with it potassium carbonate. It is sold in sticks and 
is only distinguished from caustic soda by eWeful tests. Caustic 
potash is made by boiling a solution of potassium carlwnate to 
which lime is gradually added (cf caustic soda, p. 406) It is used 
for the same pui'poses as caustic soda, such as soap making, etc. 

Saltpetre, or nitre, or potassium nitrate occurs in the soil in 
India and other countries. Cliile saltpetre or sodium nitrate, 
from which most of the potassium nitrate is obtained, is found 
in Bolivia and Peru. ' 

From the soil the potassium nitrate is prepared by simply 
stirring it with water, concentrating the clear solution and 
crystallising. To obtain it from the sodium nitrate, potassium 
chloride is added to the solution, when potassium nitrate and 
sodium chloride are formed. Tlie former crystallises oul before 
the latter, which is more soluble in water. 

Potassium nitrate forms colourless transparent crystals which, 
when heated, melt to a clear liquid and afterwards give oif oxygen. 

If some charcoal or sulphur be thrown on some melted nitre 
either takes fire and burns with great rapidity. 

Nitre is chiefly used in making gunpowder and fir^y^iirks. 
The sodium nitrate cannot be used for this purpose because 
on exposure to the air it absorbs moisture and becomes wet. 
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Gunpowder is made by carefully mixing together 76 parts of 
nitre, 15 parts of charcoal, and 10 parts of sulphur. These 
substances are finely powdered, then mixed by hand, and 
finally while wet, thoroughly ground together in a powder 
mill. The cake thus obtained is broken up between copper 
plates, the pieces are subjected to pressure, winch produces 
granulation, and finally are glazed by being placed in revolving 

dcpms* 

The power of gunpowder arises from the sudden formation of 
a*very large volume of gas consisting of carbon dioxide and 
nitrogen. 

The composition of gunpowdei* may be ascei'tained by first 
dissolving out the nitre with boiling water, the powder being 
placed on a filter pajier. The sulphur is next extracted by 
mcaijs of carbon bisulphide, and the carbon or charcoal remains. 

Potassium penuanganate is manufactured by heating 
together the black oxide of manganese, potassium chlorate, and 
caustic potash. The hard dark-coloured residue is boiled with 
water and allowed to settle. The clear liquid is evaporated and 
crystallised, * 

Potassium permanganate foiiiis small dark reddish-purple 
crystals which are soluble in water, producing a very deeply 
coloured solution. This solution is much used in the laboratory 
on account of the ease with which it liberates oxygen either on 
being lieated alone or with sulphuric acid. It is a powerful 
deodorant and disinfectant. Sodiu m permanganate, wliicli closely 
fesembles it, is known as Condy’s Disinfecting Fluid. 


CHIEF POINTS OF CHAPTER XXXI. 

Sodlpm IS a soft metal having a powerful attraction for oxygen. 
It must be preserved under mineral oil. It decomposes water 
setting the hydrogen free. It bums in oxygen or in air with a 
yellow fiame. 

Common salt— See Chapter XXVII. 

Glauber's salt or sodium sulphate is made by heating together a 
mixture of common salt and sulphuric acid. It is chiefly produced 
in the manufacture of washing soda and is remarkable for its 
solubility in water and for the large amount of water of crystallisa- 
tion it contains. 

Washing soda or sodium carbonate forms large colourless crystals 
which are very soluble in water and contain a large amount of 
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water of crystallisation. It neutralises acids, carbon dioxide being 
set free. It is made in immense quantities in the (dkafi indtintry. 

Caustic soda or sodium hydroxide is a very pojyuiXul, iilkali. It 
forms a soapy liquid when dissolved in water which bui-iis the skin, 
whence its name. It is largely used in the manufacture of soap, 
paper, etc. , and is a useful substance in many laboratory processes. 

Potassium closely resembles sodium. It acts violently on water 
and the hydrogen it seta free takes fire. 

Potassium chlorate.— 2See Chapter XXVII. 

Caustic potash or i)otasBium hydrate is so much like caustic soda 
that it is not readily distinguished from that substance. 

Saltpetre, or nitre, or potassium nitrate occurs in the soil in lu>t 
countries. It is a crystalline salt having a cool taste. It is chiefly 
used for making gunpowder because of the large quantity of oxygen 
which it contains. 

Gunpowder is a mixture of nitre, charcoal, and sulphur. It owes 
its power to the large volume of carbejn dioxide gas and nitrogen 
suddenly set free when it burns. 

Potassium permangranate is a dark reddish -purple crysts^lline 
substance which contains and easily liberates a largo quantit^’^ of 
oxygen. It is this oxygen which makes it a xiowerml disinfectant 
when dissolved in water. In solution it forms a deep violet- 
coloured liquid. 


EXERCISES ON CHAPTER XXXI. 

1. Describe what happens when {a) sodium, {h) potassium are 
thrown into water. What substances are produced in each case ? 

2. Give the chief properties of Glauber’s salt. 

3. Write a short account of the manufacture and properties of 
washing soda. 

4. For what purposes is caustic soda employed ? 

5. How could you clearly distinguish between specimens *-of 
potassium carbonate and potassium chlorate ? 

6. For what purpose is saltpetre chiefly used? What happens 
when saltpetre is strongly heated in a tube and a piece of sulphur 
is thrown into the heated substance ? 

7. Suggest a method of ascertaining the percentage of saltx)etro 
in a sample of gunpowder. 

8. How can you obtain oxygen from potassium permanganate? 
What are the uses of this substance ? 
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SOME COMMON METALS. 

118. GENERAL OHABACTEBS OF METALS. 

i. Borne familiar metals. — (a) Examine specimens of lead, copper, 
iron, zinc, tin, silver, gold, sodium, and mercury. Notice that 
while most are heavy solids, sodium floats on water, and mercury is 
a liquid. 

(?>) Observe they arc all opaque and possess a “ metallie-iustre.” 
Compare with crystals of iodine to satisfy yourself that some non- 
metals possess a lustre. Examine a very thin sheet of gold between 
two glass plates ; it is transparent. 

ii. All metals are 5iot elements. — Examine brass, gun-metal, 
pewter, German-silver, bronze, solder. These are alloys or mixtures 
of metallio^ elements. The metallic characters are not lost by 
mixing metals together. 

MeitaUixi elements. — Thougli most j)eople have some idea of 
what a metal is, it is a somewhat difficult matter to say exactly 
what constitutes a metal. Tlie fact is, that the elements cannot 
be sharply divided into two classes with all those that possess 
metallic properties in one division, and those in which such 
characteristics are absent in the other. It is an easy thing to 
enumerate the respects in which, say, the metal gold and the 
•lon-metal oxygen differ from one another, but there are many 
elements, like arsenic, which possess properties common to both 
typical metals and characteristic non-metals. 

, , But, as a rule, metals may be said to possess the following 
'propgrties, though the student must remember that exceptions 
are known to nearly every one of the statements. 

Characters of metals.-—!. Metals possess a peculiar lustre, 
which is commonly referred to as “ metallic.” But iodine and 
graphite, which are undoubtedly not metals, also have a lustre 
very like metals. 
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2. Metals are opaque. Yet gold can be rolled into sheets 
which are transparent to light. 

3. Metals are very dense, or possess a high ’specific gravity. 
Sodium and potassium are unmistakable metals, yet they float 
upon water. 

4. Metals, as a rule, are good coudufitoi's of heat and 
electricity 

5. Metals unite with oxygen, or with oxygen and hydrogen, 
to form bases, which neutralise acuds. 

Alloys. — All metals are not elements Many of the familiar 
metals in common use are mixtures of metallic elements called 
alloys. When one of the metals present is mercury the alloy is 
known as an amalgam. The following table shows the metals 
present in some common alloys 

Alloy. Metallic Elements Present. 

Bell-metal, . 0»pper and tin. 

Brass, . . Copper and zinc o 

Bronze, . Copper and tin with some zinc and lead. 

German silver. Copper and nickel • 

Gun-metal, , Copper and tin. 

^ Pewter, . . Tin and lead. 

Solder, . . ^ Tin and lead. 

Type-metal, . Lead, tin, and antimony. 


119. IiEAD.. 

i Properties of load.— (a) Scrape a piece of lead and examine its 
metallic surface ; incidentally notice that it is much softer than 
steel. 

[b) By the method described on p. 60, determine the reUUvo 

dpjaaity of lead. % 

(c) Examine lead m the forms of sheets and wires. What 
properties must lead possess in onler to bo available in these forms ? 

11 Heating lead In air. ~[a) Melt lead in an iron spoon and pour 
the liquid metal into a mould made in sand. 

{ h ) Melt more lead and keep the liquid metal stirred with an iron 
wire. Observe that it combines with the oxygen of the air to form 
yellow oxide of lead ( lith a r gel. 

UL LeaEd obtained from its compounds.— (a) Strongly heat some 
red4ead on a piece of charcoal by means of a blo;yupipe« Notice the 
globules of the metal which separate. 

(6) Heat a mixture of lead oxide and powdered charcoal in a 
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Cfuoible by means of the flame of a foot blow-pipe. Again notice 
the separation of metallic lead. 

iv. Lead is soiuble in nitric add. — Upon some fra^ents of lead 
m a test-tul>e pour some model ately strong nitric acid. Notice the 
brown fumes and the gradual solution of the lead. When the lead 
has dissolved, add water to the solution and gently evaporate on a 
sgnd-bath till nearly dry. Place on one side lor a short time and 
notice the salt, lead nitrate, which separates in crystals. 

Lead. — Lead has a bluish colour, which can be seen by 
examining an untarnished surface of tlie metal. The bright 
iiibtal, however, soon tarnishes on exposure to air. It is 
llj times as heavy as water. It is very malleable and faiily 
ductile. It melts at C. into a silvery fluid, which can be 
easily cast in moulds. Melted lead combines with the oxygen 
of the air to form yellow Itttoge. If thi.s be strongly heated it 
will combine with a further quantity of ox3^gen to form the red 
oxide. Though it easily dissolves in nitric acid, forming lead 
nitrate (p. 394), hydrochloric acid and sulphuric acid have little 
if aify, action upon it 

In nature, lead occurs combined with the element sulphub as 
the ore galeiia, whi6h is lead sulphide. But many other ores 
are known. 

Tlie metal is made into sheets and pipes and extensively 
employed by the plumber. Alloyed with other metals it occury 
as pewter, solder, and type-J»etai (p. 412). 


120. IRON. 

1 . Properties of iron.— (a) Uetemune the i dative densities of steel, 
wroughl-iron, and casjtlion by the methods described on p. 02. "" 

(b) Recall and, if necessary, repeat the experiments dealing with 
the rusting of iron on p 307, that concerning the burning of iron in 
oxygen on p. 326, and the action of acids upon it. 

(c) Revise what has been studied of the magnetic prQ$ie]:|iies of 
the metal (p. 243). 

Iron. — Iron is by far the most important metal known to 
man. The discovery of how to obtain it from tlie minerals in 
whicli it occurs was probably the most valuable ever made. 
Though it is very abundant in nature, it is rarely found 
uncombined. It has been found in certain strange masses, 
called met eorit e^ which drop upon this planet from inter-stellar 
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space. In the earth it is found combined with oxygen, forming 
oxides, as magnetite and haematite ; as oxides combined with 
water in limonite and gothite ; with sulphur, as the sulphides, 
iron pyrites and magnetic jpyrites ; with carbon dioxide, as the 
carbonates, clay ir cm-stone and chalghite\ and other less 
important ores. 

Three kinds of iron. — Iron is known and used in three 
forms, wrought-iron, cast-iron, and steel. The first is almost 
the pure element, but cast-iron contains also varying amounts 
of carbon and silicon. Steel contains the same elements as 
cast-iron, but the amount of carbon is considerably smaller. 
The different uses to which these varieties of iron are put 
depends upon the diffei*ence in properties they possess. 

Wrought-iron is very tough, and can easily be beaten out 
into plates. For those articles which are made by hammering 
the iron into shape, wrought-iron will evidently be used. 

^ Cast-iron is, on the other hand, brittl e and easily melted, 
and consequently is employed in all cases where the article is 
made by running the molten metal into moulds. 

Steel has different properties according to the processes 
through which it has passed. If it has been heated and then 
cooled very quickly, it is extremely hard but very brittle ; but if 
cautiously heated and cooled very much more slowly, it is no 
longer brittle but elastic. This latter process is called tempering. 
Another very important property which steel possesses is that 
it can be made into a niagnet which will keep its magnetism for 
a very long time All the magnetic needles used in telegraphing, 
and in electrical instruments of other kinds, are made of steel. 

The relative densities of different kinds of iron are seen from 
the following table : 


Steel, not hammered, . 

7-82 

Iron, bar, 

7-79 

Iron, cast, 

7-21 


Oxides of iron. — Iron combines with oxygen in several 
proportions. The following table shows the proportions of the 
masses of iron and oxygen present in each case : 

Ferrous oxide, . 56 of iron with 16 of oxygen. 

Ferric oxide, . .112 „ 48 

Tri-ferric tetroxide, . 168 „ 64 


99 

7 > 
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The first of tIio.se does not occur in nature as a mineral. It 
(•()nil)iii(‘s with acids forming tlic seiies of salts known to 
chemi.sts as ferfous .salts, one of which, ferrous sulphate (green), 
is known naturally as the ininoral copperas. 

Tlie second, feiric oxide, is fairly abundant iii iiatuie. It 
coiLstitutes tlie beautifully crystallLsed mineral speculor iron ore, 
found in Elba It also makes up the mineral haematite^ which 
goe.s under the names of kidney ore and pencil ore in the Eurness 
district of Lancjmliire, according to the shapes which it naturally 
asi?times. 


121. COPPER. 

i. Properties of copper. — {a) Exaimiie copper in tlie form of bars, 
sbttots* and wiies. Notice its colour Fioni these vaiieties iSiaf 
pi'opc'itn s of the nuital can ho deduced ’ 

{h) Hold one end of a copiicr wire l)etvv(‘en }oiu finger and thumb 
and put the other in tlie name ot a lahoiatoiy himier. You will 
soon lie convinced that co])pcr is a good conductor of heat. 

li. Heating copper in air.— («) Heat a piece of sheet copper over 
the iLiine of a Inlwiratbry buiiier. Notice the foiniation ot a black 
film 'riiis is the black oxide of copper 

{h) Hefei to the expenmeiit on ji. 344, and lecall the action of 
hydiogen gas uyion this hhick oxide when the lattei is li(*ated. 

iii. potion of copper on acids. — Tiy the action ot the conmion 
acids upon iraginents of coppei i>lacfxl in test-tubes, 

iv. Iron can displace copper from its solutions. — Into a solution of 

l>hie vitnol (copper sulphate) )>lungo the blade of a knife. Ohserv'e 
the deposition of co}ip(»r<ui the Idjjde. The iron of the knife passes 
inrto solution aiwl takes the place oTflie copjier ‘ . 

V. Alloys of copper. —Examine specimens of bronze, bcll- 

umlal, and gun-motal. Compare them with coppci. 

Copper,- Copiier' is a red metal which is found naturally 
% au uncombiried or “native” condition. It also occurs as 
rufty c<Jpper, which is an oxide of the metal, cuprous oxide ; 
and more aliundantly as copper pyrites, a compound of the metal 
with iron and sulphur. Ckipper-glance and malachite are also 
well known gives of copper. 

Copper is haid and does not, when cold, change in dry air, 
though in moi.st air it slowly becomes covered with a green 
compound, due to the combination of the metal with carbon 
dioxide and water. When it is heated in the air copper 
combines with oxygen to form black oxide of copper. 
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The metal is nearly nine times as heavy as water. It is very 
ductile, and can be drawn out into very thin wires ; its great 
malleability enables it to be rolled into very thin sheets, which 
are known as Dutch leaf. It is a good conducitor of heat and 
of the electric current. Everybody is familiar with the use of 
copper wires to conduct electric currents from one place to 
anothei'. 

Moderately strong nitric acid dissolves copper forming with 
it a blue liquid, copper nitrate. Hydrochloric acid does not act 
upon the metal, nor does dilute sulphuric acid, but when copper 
is heated with strong sulphuric acid the metal is dissolved with 
the formation of copper sulphate, sulphur dioxide being evolved. 

The alloys of copper are both numerous and useful. As an 
examination of the table on p. 412 shows, copper is mixed with 
tin in varying proportions to form bell-metal and gun-metal ; 
with zinc to make brass ; with nickel in the manufacture of 
German-silver ; and with tin, zinc, and lead to produce bronze. 


lji2. MERCURY. 

Properties of mercury.— (a) Determine the relative density of 
mercury by means of a density bottle as described on p. 62. 

(6) using the apparatus employed in the experiments described 
on p. 63, show that a column of mercury 1 incli high balances a 
column of water between 13 and 14 inches higli. The relative 
density of mercury is consequently between 13 and 14. 

(c) Satisfy yourself by trial, (1) an iron key floats on mercury, 
(2) mercury does not wet glass, (3) mercury ^heres to clean zinc 
or copper, forming what is called an amalgam. 

{d) Boil a little mercury m a test-tube and show that it is volatile. 
Some of the mercury condenses in tiny drops on the cool parts of the 
tube. Take care not to breathe any of the vapour. 

(e) If necessary, repeat the experiment of heating red cxide of 
mercury (p. 321 ). 

Mercury.— Mercury or quicksilver is the only metal which 
is liquid at ordinary temgeratures. Its appearance is familiar 
to everyone from its frequent use in baronieters and ther- 
mometers. It sometimes occurs pure in nature. Chiefly, 
however, it occurs in combination with sulphur as the mineral 
dnnabar (red), which is found in Spam, Hungary, Tuscany, and 
South America. If mercurjr is cooled to a temperature of - 40“ Or 
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it solidifies, and is then malleable It is the heaviest liquid 
known, being^lS^ times as heavy as water 

If it be heated to a temperature of 315® C and air be passed 
over it, it combines with oxygen, forming red oxide of mercury. 
At ordinary tempeiatures the oxygen of the air has no action 
upon it and the metal does not tarnish by simple contact with 
air. It boils at 357 ’5“, and is converted into a transparent, 
colourless vapour, which is very poisonous. It dissolves many 
metals, e g. zinc and copper, forming alloys known as amalgams. 

Not only is it used in barometers and thcrnionietei's, but also 
in the manufacture of looking-glasses and in the laboratory, 
instead of water, over winch to collect some gases soluble in 
water 

Hot concentrated sulphuric acid dissolves mercury, the action 
being exactly similar to that in the case of copper (p. 382) 
Nitric acid, too, dissolves it* readily. 

» 

, 123. zmc. 

L Properties of zinc. —(a) Examine some strips of zino and make 
out as many properties as you can 

(6) Determine its relative density. 

(rj Heat some pu*ces of zinc in an iron ladle and pour the liquid 
metal, drop by drop, into a bucket of water. The metal is cooled 
m the form of granuktlerl ziiie. 

it. Action of acids upon zinc, — (a) Ke-r<*ad and, if necessary, 
repeat Experiment 95 i. 

* (b) Pour a little dilute nitric acid upon some fragments of zinc in 
a .test-tube. Warm the .solution. Filter and evaporate to dryness — 
zme nitrate is thus obtained. 

Zinc.— Zinc occurs in nature combined with sulphur in the 
form of zinc sulphide, making the well-known ore zinc blende, or 
black* jack. Tlie carbonate of zinc occurs as the ore caJamine. 
Zinc is a bluish-white metal about seven times as heavy as 
water. It does not readily combine with the oxygen of the air 
and is extensively used to coat iron -plates to prevent their 
rusting. These sheets are known as galir«,ii1sad- .iron. Zinc 
is also one of the constituents of brass. When zinc is heated 
strongly in air it readily combines with the oxygen, the 
combination being accompanied by a greenish flame. 

As has been seen in studying hydrogen, zinc is easily dissolved 

n.s.i. 2d 
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by both sulphuric and hydrochloric acids, the hydrogen of the 
acid being evolved, and zinc sulphate, and zinc cjilonde, being 
formed 

124 SILVER AND OOLD 

i Properties of silver —(a) Examine a piece of silver and notice 
as many of its properties as possible Determine its relative density 
Keoall the uses of silver and in this way remind yourself that silver 
does not tarnish t e combine in ordinary circumstances with th^j 
oxygen of the air 



Fio 268 — Simple method of showing that silver is a better 
conductor of heat than electro plato 

(6) If possible examine a sheet of thin silver leaf between two 
sheets of glass. Observe that when very thin it transmits blue light. 

(c) Place a silver spoon and an ordinary electro plated spoon upon 
a saad bath as in Fig 258 Upon the end of each put the end of a 
wax vesta without any wax with it or hold the head of a match at 
tho imd of each when they are hot Heat the sand bath by placing 
a Bunsen burner under at The match on the silver spoon will take 
fire before that on tihe o^her spoon 
a mSM 0«to mMn —Dissolve a threepenny piece in 

NolioethebltteoolotitoltfomutiOii. 
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Refer to Expeiimont iii. and satisfy yourself that silver coins 
contain copper, and tliat silver is soluble in nitiic acid. 

iii Action of light on silver compounds.- To a solution of silver 
' nitrate add a little dilute liydioohloricj acid, and notice the i^liitc 
/ prijjEipjtate which is at once fornu'd Eilter the solution and so 
obtain the whiti» precipitate on a filtei pajier. Leave it c‘xposed to 
light, and note its giadual change of colour 

iv. Properties of gold. — («) Roll up a .slu'ct of gold-leaf and drop 
it into stiong nitiic aeul eontaiiuHl m a test-tube. 'I'hc gold is not 
dissolved even when the acid is waimed. 

[h) Add strong hydiochloric acid to the iiitiic aeid in the last 
•xpennicMit, in this way making vhat is called aqua ler/ia The 
gold IS now dissolved. 

Silver. — Silver is a white metal about ten and a half times 
as heavy as water It does not tainish when exposed to 
the air, even wdion heated. It is consequently miuh u.sed for 
coiiyige and for ornamental ])urjK)ses It is, liowever, too soft 
to bo used by itself, and is gencially alloyed wqth copper. 
British coins contain about seven and a half j^er cent of 
cojiper 

Silver conducts ht‘At and the eleetne current more readily 
than any other metal It is veiy malleable. When hammered 
into very thin leaves it is tiansjiaieiit to some constituents of 
white light, transmitting the light of wave-lengths correspond- 
'mg to the blue end of the spectrum. Siher is also very ductile 
and can be diawm out into wires of exceeding lineness 

Acids act upon silvei, ]m»ducing similar effects to those which 
have been studied under cop|)er. Thus, liydrochloi ic acid lias 
•no action on silver; nitric acid dissolves it, foinnng silver 
nftrate, and evolving oxides of nitrogen ; and hot coucentiated 
sulphuric aeid dissolves silver, forming silver sulphate, and 
giving oft .sulphui dn)xide. 

Silver forni.s with sulphur a black sulpliide of silvei. This 
explfiins the blackening of silver in oidinary rooms lighted 
by coal gas. The coal gas nearly always contains slight traces 
of sulphuretted hydrogen, which act upon the silver with 
the formation of the black .sulplude of the metal. Similarly, 
india-rubber contains sulphur, and if a silver coin is left in con- 
tact with a piece of india-i*»hber, tlie sane blackening is noticed. 

Several compounds of silver, notably the cMorith^ the bromide 
and the iodide^ are blackened by exposure to light, a fact which 
forms the basis of photography. 
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Gold. — Gold IS nearly always found nativt (p. 415) in 
nature, though it also occurs alloyed with other metals. Every- 
body ia familiar with its bright yellow colour and with the 
circumstance that it is unacted upon by the air. It is more 
than nineteen times heavier than water It is unacted upon by 
any of the common acids acting singly, though a hot mixture of 
strong hydrochloric acid and nitric acid will dissolve it. For 
this reason the mixture of these acids is known as aqua regia. 

Gold is too soft in the pure state to be used either for coinage 
or for jewellery and is always alloyed with copper. Tins gives 
rise to the employment of the term cctral. Pure gold is known 
as 24 carat gold. The British sovereign, wliich conttiins 22 
parts of gold in 24 parts of the coin, is said to be made of 
22 carat gold. Similarly, 9 carat gold consists of 9 parts of gold 
in every 24 parts of the article made of it. 

It is tlie most malleable and most ductile metal known. Gold 
leaf has been made into sheets so thin that it would requii*e 
more than a quarter of a million of them together to make a 
thickness of an inch. Gold wire of such an extreme thinness 
has been manufactured that two miles ot it only possess a 
mass of 1 gram Oi'dinary gold leaf, such as is used for gold 
lettering, is transparent to some constituents of the spectrum ; 
it transmits green light quite readily. 


125. PBEPABATION OF SOME COMMON METALS 
FROM THEIR ORES. 

Zinc. — The carbonate or sulphide when sti'ongly heated or 
calcined in a current of air becomes changed into the oxide. 
The oxide is heated strongly with coal, which at a very high' 
temperature removes the oxygen, leaving the zinc. The mixture 
:)f oxide and coal is heated in iron retgjdis and the zinc distils 
wer into iron receiveiu 

Iron 18 obtained from its ores by reiduction. A mixture 
:if coal, limestone, and the iron ore previously calcined so that 
Lt consists chiefly of oxide, is strongly heated in a large fu rnace 
wme eighty feet in height, and a supply of hot air is forcedlnto 
the heated mass hy means of W»hes, called Uu/eres, arranged near 
the base, The hot coal with tlie oxygen in the blast forms 
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Ciirbon monoxide, a very powerful reduciiuf - The reduc- 
tion of the iioii oxide takes place part of the way down the 
furnace and the iron gradually works downwards, starting as a 
pasty mass but becoming (juite liquid at the liottfmi. Heie it 
is f<»und beneath a layer of melted which consists of silica 
from tlic ore combined with the limestone. The melted iron is 
run off into branched grooves made in sand and on cooling 
is known as pig iron or cast iron 
Copper. —The smelting of copper oic is a complicated process, 
^f the ore contiiins no sulphur it is heated strongly with coal or 
coke which i-emoves the oxygen. If sulphur is present the 
operations are not so simple, for it is important that no 
sulphur be allowed to remain in the final product. The oie 
is roasted and melted lejicatedly, and the mass of nearly 
pure melted copper is stirred finally with wooden poles till 
all trace of sulphur is removed. 

Mercury. — ^The ores are roasteil, the sulphur passes off as 
sulphur dioxide, the mercury distils over and is collected in 
a senes of cool vessels. 

Lead. — The orG» galena, <»r lead sulpliide, is fiist roasted in 
a stream of air. Part of the sulphide absorbs oxygen from 
the air and becomes sulphate. The temperature is now raised 
and tlie sulphate and the remaining unchanged su]])hide act 
upfln one another, the sulphur escaping as oxide. The lead 
now set free melts and flows to the bottom of tlie furnace. 

Silver. — This metal is prepaied by thiee piocesse.s. In the 
•first mercury is mixed with the ore, after previously treating 
it with salt, and the two metals form an alloy from which the 
silvei’ IS obtained by distilling oflT the mercury. 

In the second process the silver ore is heated with some 
► lead ore. The lead and the silver together form an alloy. 
The •lead is removed by melting and blowing air over the 
surface. Lead oxide is formed, melts on the surface of 
the heated mass, and is blown away by the blast of air, till 
at last the pure liquid silver appears 

In the third process the ore is heated carefully in a current of 
air until the silver is changed into sulphate. The sulphate 
of silver is dissolved in water and the silver is removed from 
the solution by placing in it some scrap coppei’ upon which the 
silver is deposited. 
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CHIEF POINTS OP CHAPTER XX^XII. 

Metals. — Metals possess a peculiar liistre ; they are opag^ue and 
very dense; they conduct licat and clectiicity well; Uiey* unite 
with hydrogen and oxygen to torm i»asj?s. 

Mixtures of metallic ehmients are called alloyn. 

Lead has a bluish colour; its density is it is malleable 

and ductile ; it melts at 32()^ C. With oxygen lead forms htharye 
and red-had ; with sulphur it forms t/aiem. It is one of tlie 
constituents of pewter, solder, and type-metal. , 

Iron is the most important of metals. It is used in three foims, 
wrought -irony rant-irony nteet. These forms have different properties. 
It is abundant in nature, e g. combined witli oxygen it foinis lod&r 
nxiikhtenmtitc'y with sulphui, iron 2^yriten; with carbon dioxide, 
clay ironstone. Its density varies from 7*2 to 7*S 

Copper has a red colour, it is liard, and does not change in dry 
air. Its density is almut 9. It is very malleable and <luctile. 
It is a very good conductor of the olectiic ouricnt. Common 
mincials in which it ooenrs are ruby coppery copiter pynhtsy and 
malachite. It is dissolved by moderately stioiig cold nitric acid 
and IS soluble in hot strong sulphuric acid. Numerous alloys of 
copper are used. 

Mercury or qnkkdh'er is the only lufuid met il at ordinal y tem- 
peratures. It is much used m thermometers and barometers. Its 
density is 13*5. It Ixnls at 357*«)“C. It dissolves many metals 
forming amalgams. Cold nitric acid and hot strong sulphuric acid 
dissolve the metal. 

Sodium is lighter than water. Its density is 0 97. It has to be 
kept under iiaplitlia because of its strong attraction for oxygen. 

Zinc IS a bluish-white metal. Its density is about 7. It does 
not easily combine with the oxygen of tlic air, and is extensively 
used to coat iron, as in go! vanish iron. It is one of the constituents 
of brass It occurs in nature corabmod with sulphur, and with 
caibon dioxide. The metal easily dissolves in dilute hydrochloric, 
sulphuric, and nitric acids. 

Silver is a white metal. Its density is about 10*5. It does not 
taniish in air, and when alloyed with copper is much used for 
coinage and jewellery. It is very malleable and ductile. The action 
of acids upon it is similar to the case of copper. Many com|xmiids 
of silver are sensitive to the action of light, a fact which forms the 
basis of photography. 

Gold is a bright yellow metal, which generally occurs native m 
nature. It is unacted upon by air, and is much used for jewellery 
and coinage. It is soluble in aqva regia. Pure gold is known as ^ 
cara^ gold. The British sovereign contains 22 parts of gold in 24 of 
the coin, and is called 22 carat gold. Gold is the most malleable 
and the most ductile of all metals. 
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EXERCISES ON CHAPTER XXXII. 

1. What are the usual characters possessed hy a metal? Name 
any exception you know to any of the properties you state. 

2. What do you understand hy each of the following terms : 
native gold, alloy, amalgam, canit ? 

3. Name three alloys in which copper occurs, and three in which 
lead is an important constituent. 

• 4. What metals occur in each of the following minerals : cinnabar, 
haematite, galena, malachite, blende? 

5. Enumerate the characteristic properties of lead and silver. 

(5. What metals do you know to be soluble in each of the follow- 
ing acids : hydrochloric, sulphuric, nitric ? 

7. What do you understand by gal vaxuSiS^^ iron '• How is it 
miuU;, and what i*easons can you suggest for the^process ? 

8. To what us<\s are the following metals put : mercury, gold, and 
zinc ? On wliat pnjpertic's of the metals do these uses depend ? 

9. Give a sliort account of the preparation from their ores of any 
two common metals. 
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Citi.,42 

AcioT chloric, 374 ; hydro- 
chloric, 367*371 ; nitric, 3l)2- 
394 ; phosphoric, 391 ; phos- 
phorous, 391 ; sulphuric, 
385-386; sulphurous, 382, 
383 

Action, and reaction, 48 
Active part of air, 321-323 
Adhesion, 14 
A^te, 402 

Air, action of hot copper on, 
311 ; action of iron on, 307- 
312 : active ]iart of. search 
for, 321-323 ; change in, 
caused by rusting, 310; 
changes in, produced by 
burning pho.sphorus, 313; 
chemical composition of, 
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828-331 ; not a chemical 
compound, 330-331 
Air-pump, 116, 117 
Alabaster, 401 

Allotropic forms of car- 
bon, 352 ; oxygen, 329 ; 
phosphorus, 390 ; sulphur, 
379 

Allotropy, 879 
Alloys, 411, 412 
Amalgamated zinc, 267 
Amber, 260 

Ammonia, 395-396 ; composi- 
tion of, 395 ; forms white 
fumes with hydnashloric 


Ampere’s rule, 274 
Animal charcoal, 352 
Anions, 284 
Anode, 281, 284 
|/VnomaIuu8 expansion of 
water, 152-156 ; conse- 
quences of, 155 
Ag^>arunt solar day, 33 ; time. 

Aqua fortis, see Nitric acid 
Aqua regia, 419 
Aragonite, 399 

ArelUmcdes, prljnciple of, 93- 
102 ; dcnionstmtion of, 97 
Afcia,, measurement of, 23-25 
Argon, 329 

Asbestos, platinised, 384 
l/Ajtmospliero, circulation of, 
ltHJ-199; extent of, lOS ; 
pressure of, 107-111 
Atoms, 4 

Attraction and repulsion, 
electrical, 258, 260 ; of 
gravity, 44 
Axis, magnetic, 247 

^ILANCK, 56-58 ; simple, 60 ; 

spring; 56, 59 ’ 

Halloon, 99 
Barium sulphate, 379 
Baxometer, lOS-lIl ; cistern, 
109, 110 ; definition of, 1 10 ; 
mpMurial, 109; principle 
otTlOS 
Base, 386 
Boll metal, 412 
Binding screw, 273 
Blacklead, a52 
Blast furnace, 420 
Bleaching powder, 376 
Blende, 379 


properties of, 395 . 
very soluble In water, 395 
Ammonium chloride, 396; 
sublimes when heated, 396 


Bono ash, 392 
l|WLQf .weights, 57 
Boyle’alaw, UST-llO ; graphic 
ropreHentation of, 291 ; 
statement of, 115 
Bramah press, 14 
Brass, 412 

{freezes, land and sea, 198 
Brimstone, see Sulphur 
Brine, 847 

British RudLJlctrifvequiya- 


acid, S95 ; preparation of, v Boiling point, 132 ; depend- 


ent on pressure, 131, 151 ; 
determination of, 148; of 
water, ISO, 131, 132 ; table 
of, 177 


Amorphous varieties of car- /Boiling under diminished 
bon, 362 ^ mo 


pressure, 151-152 
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lepte, 31 
Britlrii 1 


measures of length, 

2l 

Bronze, 412 
Bunsen's cell, 269, 270 
Buoyancy, 97, 98 ; measure- 
ment of, 97 
Burette, 29 

Burning and rusting, SOT- 
SIS 

Calamine, 417 
Calc spar, 399 
Calcite, 399 

Calcium, 361 ; carbonate of, 
361, 399 401; chloride of, 
360 ; oxide of, 361 r phos- 
phate of, 392 ; sulphate of, 
348, 379, 401 

Calorimeter, water equiva- 
lent of, ITO 

Camera, photographic, 
images arc inverted in, 205; 
pin-hole, 204; sizeof imagu, 
2a5-207 

Candle, burning of a, 814- 
318 ; burning of, in chlor- 
ine, 373; burning of, in oxy- 
gen, 325; produces moisture 
when burning, 814, 816; 
no loss of weight when a 
candle burns, 16 ; sub- 
sSn§8 produced byHff 
bunnhg, 16; uses up air 
when burning, 315, 316 
Candle flame, structare of, 
817 
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ties of, 851, 852 of on caustic potash, 874 , Copper sulphate, crystals of, 

Carbon dioxide, 329, acid bleaches, 871; combincH 380 , prepa'ation of, 388 

solutions formed by, 3')7 , spontaneously witli some Coppoias, 415 
action oil lime water, 352, metaU, 371 , compounds, Cupper glance, 415 

357, 358 , formed by bum- 374 375 , lias groat afhnit} CLQtfaSMtiuaaLAVUW, 9 

mg cai bon, 36 1 ; formed by for hydrogen, 372; is Cry-tallis<ition,300-S01;con* 

buimngcaiidle,353 . occui- heaMer than air, 373; i<« ditioos of, 301 ; watoi of, 

rcnce of, 353, 369, pro- soluble m water. 372 ; pic 340 

paiatioii of Ixittles of, 367 , paiation of, 371, 372; Crj stals, forms of, 301 ; ex- 

pniduced by breathing propei ties of, 373, solution amplcs of common shapes, 

and burning, 352-356 , pro- iii sunshine gives off ^01 

duclion by beating chalk, ^ oxygen, 372 iCInhii al expansion of a 

359-361 ; pi oduced by chalk l^irculatiou of atmosphcic, liqu d, 13<) 
and acid, 350-359, pio]ioi l‘M)-199 Current, olectre, cause of, 

ties of, 356, 357, uses of, Clay iioiistone, 414 ^ 277, 278; direction of de- 

8r<8 i4:iinical thoimoinetcr, 131, 'ti^floctiun of a magnetic 

Carbon monoxide, 3ol-%3; 135 ncodie by, 273, 274 ; hcat- 

occurrenco, 362 , propara- Alouds, 193 Ing of wire by, 277, 279; 

tioii of, S(" , jnoperties of. Coal, 352 magnetic action of, 267, 

363; unites with oxygon, lllocfinient of expansion, 138; 271-273, passage of, through 

368 I defined, 138 ; of a gas, 137 , liquids, 281, 2S2 

Caibonates, proporties of, ( of a solid, 138, of liquids, "Currents, ocean, 200; causes 
301 » 136 , tables of, 141 of, 200-201 

Carnellan, 402 Coheanm, II, 14, definition Curve, equation of a, 288, 

Cast iron, manufacture of, of, 14 290 291 

421 <^oin, composition of gold, 

I Caustic potash, 407, 408, 420 Damv i i/s cell, 269, 270 

prepaiation of, 407, 408 Coke, or g, is carbon, 862 Day, appaient solar, 33; 

Caustic soda, 406; piepara- Collision of inassos, 46 mean solar, 34; sidereal, 

tion of, 404, 406 Colour, 234-230 ; (rf a body 34 

Coll, the simple voltaic, 268, deiiends upon the light Ducantation, 300 

269 ; types of voltaic, 2h*.) falling upon it, 230 Declination, magnetic, 247- 

271 Cnloin disc, 238 249 , defined, 249 , value at 

Centigrade scale, 134 Coriip.i8s, manner's, 258 Greenwich, 249 

Centimetre, 22 Cpniprossibilily, 4 , of gases, Decrepitation, 366 

Gentle of navity, 71-77; 4 , of liquids, 5 ; of solids , DensrUeji, of different bodies, 

detortiiinanon of, 71, 73, 5 , a proof of porosity, 5 (W 

74; »f skeleton figuies, 71 Concave minors, 217-218, Density, rO-62; definition of,' 
Chalcedony, 402 law of distances, 217 , pi in 62 ; determination of rola-f 

Chalk, ofrniposition of, 360 ; cipal focus, 217-218 tive, 62-66 ; meaning of, 

production of lirno fiom, IfConduction of heat, 181-182, 61 ; stan daid oL 61 ^ 

SIX) ; results of adding acid definition of, 181, lowenng i ^ew, 186-187 ; conditions for 
to, 360*361 ; undoigoes of temfremtnrc by, 179 formation, 187 

cl •»iige when heated, 360 i 'Conductivities of metals, (Dew pvnnt, 187, 189 ; deter- 
Chalybeate waters, 347 relative, 179 miiiation of, 187, 189 

Characters, distinctive, of Conductors, electrical, 262, Diamond, 351 
gases, 14; liquids, 10-14 , 263 Dip, magnetic, 249-252; do- 

solids, 7-10 Condy’s fluid, 409 tennination of, 250 ; ex- 

Chaicoal, 851 ; animal, 362 ; 'Convection of heat, 182-184 planation of, 250 , value at 
burning of m oxygen, 825 ; Co ordinates, 286, 288 Gicenwich, 251 

wood, 852 Copper, 415 416 ; action of, Dipping ncedlo, 249-252 ; be- 

Charges, electric, bound and on ncids, 415; action of haviour at different places, 

fice, 264, 265 hydrochloric acid on, 416; 251 

Chemical change, 296, ele- action of nitric acid on. Dispersion, a consequence of 

nients, 296 416; alloys of, 415; dis- unequal refraction, 285; 

Chemical combination, 804 placed by iron from its of light, 234-237 

Cbemioal compounds, 803; solutions, 415; effect of Distillation, 298 

fixed composition of, 303 heating in air, 415 . heated Distinctive characters, of 

Ghemicaldecoraposition, 308, with snlphuno acid gives gases, 14; of liquids, 10-14; 

804 sulphur dioxide, 883 ; pro- 1 of solids. 7-10 
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Drops, 10 ; cause of, 14. 
DucWtjr, 9 

Eauth as a magnet, 252 
'^aith, rotation of, 33-34 , 

' peiiod of, 84 
Earth’s magnetic polob, pow- 
tiou of, 251 
Effeivescont watoib, 

Elastic _ and- lum-elaatjc 
sylid;^ b 

Elasticity, 1,5, limit of, 5 
Eluctnc charges, 2t112G3, 
equal and opposite, 2H1, 2b2 
Electnc current, cause of, i 
277, 278, diioction of, 2i)‘», 
heating of wiie by, 277, ( 
279, magnetic actum of, 
207, 273, 274, pasaage of 
through liquids, 281, 282 
Electricity, sbitic, 25S-2G5 , 
fundamental eviteiimentb, 
2l)7, voltaic, 2G7-279 
Electrics, 2b0 

Electrification, 259-265, by 
fiiction, 258 , two kinds of, 
259, 2G0 1 

Electrode, 284 • 

Electio magnet, 271, 272 
Elect! o-inotive foicc, 277 
Electrolysis, 281-284, 343, of 
co]ipci sulphate, 281, of 
watoi, 282-284, 341 ; tcrm> 
used in describing, 284 
Electrolyte, 284 
Elcftioscopcs, 262 
Elements, metallic, 411 ; 
nature of, 296 

%Ullihiiuin, 75 77 , centre of 
gravity and, 75, neutral, 
btdrblc^and uustaJale, 75, 7o 
Eudiometer, 842 
pDvapoiation, 298, cooling < 
» by, 140, free/ingby, 117 
lExpansion, anomalous of 
’ water, 162-156 , common 
illustrations, 125, cubical, 
125, linear, 125, luuasuie- 
ment of, 1 {7-141 , of gases, 
124 , of liquids, 124 , of 
solids, 123; real and ap- 
parent, 140 ; superficial, 

1 J5 , unequal of solids, 123 
E;;idifiUSiojQ. of^nattwr, nr space 
occupied, 2 
Bye piece, 231 

•FAnRENHEiT scale, 134 
Feme oxide, 414 
Ferrous oxide, 414 
Ferrous sulphate, 415 
Filtiation, 299 

Fire, changes in a coke firc,863 
First law of motion, 45 
rFized points on thermo- 
meter, 133 


FljMti^ bodies and fluid- 
^puccarj'yj, 94 
Fluid displaced liy floating 
bodies, 93, 94 , wei glit o f 
eipial to weight of 


FJuuiity, 8 
H-ogb, 1 93 

F‘ncc, definition of, 45 , unit 
of, 4G I 

Foices, lepiesented by lines, 
48,50, icbolution of, 51-52, 
patidlel, G'J-Tl 

l«+'ioe/ing mivtnrcb, 157 , ex- 
amples of, lo7 

^’ico/iiig isnnt, maiking of 
on theimometer, 130, 132 

Galfna, 379, 413 
(iaUamsed ii.m, 417 
Galvanometer, 273-277, mii- 
roi, 27o , piiiiciple of, 274 , 
sim])le, 275 

Gas effect of prcbsuic on a. 
Id 

^(i.iscs, bad (Minductois of 
heat, 181 , expansion of, 
140, 1 II , iclation between 
incssuic and volume of, 
112 114 

(lOiman silver, 412 
Glauber’s salt, 404 , contains 
much water of crystallisa- 
tion, 404 , piopeitics ot, 405 
Gold, occurs uative, 420 , 
dissolves in aipia icgia, 
419; pioperties of, 419, 
420, when thin is tians- 
parent, 411 

Gold leaf, 420; electioscoixi, 
^ 263 

'(hKKl and hid conductors i»f 
heat, 181 , applicatioiih of, 
182 

Giain, definition of, 58 
Graphic diagiams, 270, re- 
piesentation, 286 2'r{ , le- 
piescntatioii of changes of 
volume of water, 15G ; of 
forces, 50 
Grai>hitc, 352 
Giavitation, 43 

f cavityj attraction of, 44 ; 
centre of, 71 77 , determin- 
ation of, 71, 73, 74; of 
• skeleton figures, 7 1 
Grove’s cell, 270 
Gun metal, 412 
Gunpowder, 409 
Gypsum, 379, 401 ; when 
heated yields plaster of 
Parib, 401 

II SSMATITE, 414 
195 


Hardness, 9; measurement 
of, 10 , of water, 345, 347 , 
peimanont, 345, 348, tem- 
pt ary, 345, 348 
Haro’biinnai atuhj 64, 05 
Hleat, capacity lor, 1(>3, 164 ; 

piodiiccd by resistance, 279 
ixfioat ({uunti'iCb, compaiibon 
ot, 164 
Helium, 329 

/Hoar host, 187 ; not ftozen 
dew, 187 

^opcs appaiatus fur show- 
ing maximum density of 
watei, 154 
HyUiaulic press, 13 
llytlioihloiic acid, 357-371 ; 
action of metals on, 368; 
cluunKal behaviuuruf, 370 ; 
compobition of, :^69, 370, 
contains h^diogcii, 368; 
pt o\M,i ation of, 3G7 , pro 
dnction of by caudle burn- 
ing in chlutme, 373, i)ro- 
peities of, .308 solution of 
in watei, 368, syiithebis 
of, 374 

Hvdiogen, 334 345 , action 
of ui)on heaud copjair 
oxide, 813 , bums )>utdocs 
nut buppoit combubtion, 
337 , foi ms an exphwive 
mixtuie with an, 318 , has 
a gi eat affinity foi chleiine, 
372 , lightei than air, :337 , 
pieiuration of, 336, pi»- 
piired from bodium and 
water, 335 , nreparation 
of in laige quantities, 339 , 
prOpeities of, :{40 , pio- 
pcrtics of flame of, 338 
}Jydioiuetei,.95 
Hydrostatic paradox, IS 
^lygnnuctor, 187-190 
Klygrometei, Mason’s, 187; 
4 /kcgnault’s, 188-190 

Tcei.anu spar, 399 , a doubly 
I efi acting suljbtancc, .399 
Jmpeuctrability of mati^'r, 2 
Inactive jw-rt of air, 32S-329 
luyliucd plan., 84, 36;^ 
paiallelogram of forces V 
applied to, 86. ** 

India-i ubboi, btretching-of, 7 
Tnffuciiig chaigo, 265 
Induction, electric, 264 ; 

magnetic, 254-255 
Incitia, 6j.42, 44 
Insulators, electrical, 262, 263 
Intensity of light, 207 
Ions, 284 

Iron, 413-415; action of 
be<itcd on watqy, 333 ; air 
altered during rusting of, 
808, 809, 810; burning of 
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in oxygen, 326 , cast, 414 ; 
does not nibt in boiled 
water, 334 , found in 
nietuontes, 413, inurcas' 
of weight duiiiig rusting 
of, 3U7, 40‘>; inopaiation 
of fioin 010 , 420, lelativu 
densities of diftoi 'utkiuds, 
411, lUsts 111 unboiled 
water, 833, lusts in air, 
300, thiee kinds of 414; 
wi ought, 414 
[roil oxide, 328, 414 
[roil pyiites, 373. 

Tasper, 402 


ECainue, 408* 

Kathions, 284 
Kathode, 2S1, 284 
Kilogiam, 58 
Kiypton, 329 

rjACTQMEXlOt, 95 
liainiibUck, 35‘’ 
liaim an<l sea breercs, 108 
Latent heat, 172*174 , of 
fusion, 170 , of steam, 174- 
176; ofwate ,173, of vapo- 
risation, 177 
Latb, bending of a, 7 
haw of magnetic poles, 216 
L'' w» of electrical action, 2bl , 
of magnetism, 244-247 ; of 
raotimi, fiist, 45, second, 
47 ftTfid, 48 

Lead, changes produced on 
heating, 321 ; heating m 
an, 412 ; obiained from its 
co.npounds, 412, 421 ; pre- 
paiation of, fiom or«v 
421; properncsof,412,413, 
soluble in nitric acid, 413 
Leatl nitr' to crystals, 394 
Lead, red, gas produced by 
heating, 3J1 

licblanc piocess of making 
soda, 406 

Lons, built up of parts of 
pnstn8,230, principal focus 
of, 22b, refraction tlrongh, 
228*231 , 

Ijever, 77-79; amj^a of, 80, 
classes of, 80 f pnnciple 
of, 80 

Light, a form of ladiation, 
208; analysis of, 284-239, 
intensity of, 207; recti- 
linear propagation of, 203, 
204 

Lime, 361 ; action of,* on 
litmus solution, 860, pro- 
duced by heating chalk, 
860 ; slaking of, 360 ; solu- 
tion of, in acids, 360 
Limestone, 399 


Lime water, action of carbon 
dioxide on, 352, 357, 358 
Linos of lorce, 246 
l^iquefaction, 144 146 
Liquid, Jioad of, 104 , prcA. 
'suie of, 1()3107, upw^ 
piessuro of, 104, 10b * 

Liquids, distinctive ofaai- ' 
actors of, 10-14 , hnd their 
jgvfilj 11 , cuiiimuiiiLatc 
pressu re in all dn cctious,12 
lathaige, 3J2, 413 

iioui, 2bb, Jb8 

Locus, syinlKihc icpresenta- 
tion of, 2b8, 2*10 
Lodestoiie, 244 
Loss of weight of bodies 
lunueisttdin water, 98 
Lustic, some non - metals 
have a, 411 

Ma( HINES, 79-89 
Mtignesiuni, burning of, in 
oxygen, 32«i, mcieaso of 
weight when buiiit, 307 
Jlagiiesium sulphate, pre- 
])ai alien of. 3S(> 

Magnet, aitiiiciiil, 243, 244 , 
iiatuial, 242, 244 , lesult of 
bieakiuga, 245 
Magnetic, action of electric 
cipiciits, 271-278, attrac- 
tion and lepulsiuii, 244, 
axis, 247 ; declination, 247 , 
dip, 249-252 , determina- 
tion of, 250, explanation 
of, 250; value at Green- 
wich, 251 , equator, 247 , 
induction, 254-255 , mer- 
idian, 246 

Magnetisation by lodcstone, 
212 ; methods of, 254 
Magnetism, 242-265 
Magnetite, 244, 414 
Malachite, 415 
Mall eabil ity.^ 9 

l^angaiicsc, chloride, 373 , 
|f dioxide, 325 ; nso of in }>t e- 
parnig chlorine, 373. 

Maihlc, 401 

Jason’s hygrometer, 187, 

^ 188 

Macs, standards <of, 58 
Mass and weight, 56-60 ; 

meaning of, 56 
Masses, eqo^, have equal 
weights, 1)0 

Matter cannot be destroyed, 
15-16; definition of, 3, 
divisibility of, 3; exten- 
sion of, 2 , impenetrability 
of, 3 , meaning of, 2 ; three 
states of, 6 ; transfers 
I motion, 3 

^aximUfQ.deiiaityof water, 


Mean solar second, 34 , time, 34 
Measurement, of aics, 23-25; 
of length, 20-22, of vol- 
ume, 25-30 

^Itichaiiical advantage of. a 
machine, TOT of a system 
of pulleys, bu 

Melting point, 146 , of butter,. 
145, of wax, 144, table*' 
of, 146 

Meiiury, 416-417, action of 
acids iii)on, 417, forms 
amalgams, 416 ; heaviest 
liquid known, 417; occur- 
lence, 416; nitiato, 394, 
piepaiatioii of horn ore, 
421 , properties of, 416*417; 
rod oxide of, 321 , used for 
looking glasses, 417 
Meridian, geographical, 247 , 
magnetic, 246 

Metals, all are not elements, 
411, chaiacteis 01,411-412; 
combine with active i»art 
of ail, 311 , effects of heat- 
ing in air, 80S, geiieial 
characters of, 411, spon- 
taneous combination of 
with chlorine, 371 
Metals and non-metals, 296- 
297 

Metallic elements, 411 
Mctcmitcs, 413 
Metnc and liiitish equiva- 
lents, 31 

Meti ic,moasui emcn t of mass, 
59 ; measures of length, 22 ; 
of capacity, 81 
Micioscope, 228 
Mineral water, 347 
Minor, images produced by 
plane, 214, 215*217 
Miriois, spheiical, 217 
Mist, 193b^ 

Mixtures, and compounds, 
the distinction between, 
303 ; separation of by mag- 
netism, 802; by solution, 
301 

MomShtui»r46 , unit of, 46 ; 
change of propoitional to 
force, 47 

Moments, nn nomle of, 78, 82 
^Tonsoons, 198s^ 

MqIiuiM 7, 38 ; definition of, 


Neoaiivk electrification, 261 
Negative polo of cell, 269 
Neon, 329 

Newton's laws of motion, 45, 
47, 48 

Nitrate, formation of a, 
393 

Nitre, properties of, 407, 408 ; 
prepared from the soil, 408 
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Nitric acid, 392-394 ; action of 
on metals, S92, 394 ; action 
of on sawdust. Si 
oxidiser, 39 i, easily ^ivos 
up oxygon, 393 , piopoitios 
Of, 392, 394; prepaiation 
of, 302 

Nitiogon, 321, 328-329, pro- 
perties of, 328 

North magnetic pole, 248 ; 
why a magnetic needle 
points to the notth, 240 

OBJRcr glass, 231 
i/Ocean cunents, 200; causes 
of, 200-201 
Opal, 402 

Opaque bodies, 230 
Oxiden, fotinahon of ex- 
plained, 327 ; of lion, 41 1 . 
of sulphui, 381 
Oxiduer, nitiic acid an, 394 
Oxidising agent, 391 
Oxygen, 321-328; «ctive ))art 
of air called, 323, fimn 
plaii' s. 854 ; preparation of, 
323-325 , pi>if)orties of, 32 m 
327 . soluble in soliiti ui of 
pyrogallol, 326 
Oxygen iiiixtuie, 325 
Ozone, 329, 330 

Parali.>l forces, 69-71 
ciplft.6f,“71 ; lesultant of, 
69 ' 

PiiFallelogram of forces, 49-52 
Pebbl •, Hra/al an, 401 
Pendulum, 33, 35 ; seconds, 41 
Perpetual m jiioii impossible, 
45 

Pewter, 412 
P<i 08 phates, 391 
Ph sphitos, 391 
Phosp one acil, 391; pie- 
paration of, 391 
Phosphoraus <cid, 391 
Phosphorus, 389-392, imor 
phous, or red, 390 , and 
oxygen, 390; aii used up 
by, in burning, 312 ; burn- 
ing of, in 'Xygen.S'iO, burn- 
ing of, 312-314; changes 
produced in air by burn- 
ing, 313 ; dissolves in car- 
bon disiilph de, 389; fumes 
from, dissolve I in w«ter 
yield an acid solution, 389; 
manufacture of, 391-392; 
pentoxide, 890, 391; pro- 
perties of, 3S9; red, in- 
soluble in carbon disul- 
phide, 890; slowly burn- 
ing, uses up air, 314; 
used for making matches, 
390 

Phosphorus trloxide, 891 


Photometer, Bunsen’s, 211 ; 

Riimford’s, 211 
Photouiotry, 210-212 
Phybical and cheniual 
clMiige, 295-290 
Piii-iiole ctunota, 204, 205, 
images aie inverted, 205 , 

Bi/o of linage, 205-207 
Plants, oxygen fiom, in sun- 
light, 354, 355, puiifying 
action of, 3)5 
Plastei of Pans, 401 
li'l.isticity, 10 
Platinised asbestos, 384 
Plotting, loLi, 2&6; ixunts, 

286 

Polarisation, 268, 209 , 

methods of removing, 

269 

Poles, position of earth’s 
magnetic poles, 251 
Porosit 3 ’, 1,4 1 . 

Positive, elcctufication, 261 .niefrigciatoi, 182 


►^TTAKTiTY of heat, 159-177; 
ill relation to substance, 
103 , in water, 161 
r’li.utz, a f«)rm of silica, 401 
Quicklime, Sbl 

rllADiATioN of heat, 184-186 
pTiain, 19J 
pRi^aumar scale, 135 
Hocoinpositioii of white light 
by pi ism, 237 ; by wheel, 
238 

Red lead, 413 

Reflection of light, 214 ; laws 
of, 212, 216. 

Refi action of light, 221-231; 
IS accoiniianied by dis- ' 
pcrsion, 235 ; laws of, 221, 
221225, thiough a lens, 
228-241; through a pi ism, 
227-228 ; various effects of, 
222, 22.5, 226 


pole of cell, 209 

Potassium. 407; action of, 
on water, 407 , cai Iwnat 
407; chlorsito, 323, 324, 
cliloildc, 326, 371, hydro- 
gen sulphate, 393 , hy- 
dt oxide, 407, 408 ; picpnm- 
tion of, 407, 40S, hypo- 
chlorito, 375, nitiato, 392 , 
properties <-f, 407 ; pci 
inunganate, 407, 409 , 

pieparatioii of, 374; sul- 
phate, pr«)diiced in pre- . 
paring mtiic acid, 394; Rusting' of non, 807-312 
yields oxygen when 
heat* d, 407 

Potential, difference of, 

277 

Precipitation, 301 
^ros'iuio, effect of on boiling 
point, 1.51 , of atmosphere, 

107-in , of liquid column, 

100, of liquids, 103-107; 
dejicnds upon depth, 103, 


KRegelation, 145, 146 
^legnault’s h'^grometer, 188 
Relative density, detetmma- 
tiou of, b2-66 

Relative density of solids, 
99-101 

Resinous electrification, 261 
Resistance, eloctricjl, 277*279 
Rosolutiun of foioM, 61.52 
Resiiltahty calculation of, 51 
Resultant of two forces, 61 
Rigidity, 8 
Rock ciystal, 401 


Salt, common, 366 Sb7 ; 
action of stiong sulpuunc 
acid on, 366 , composition 
of, 369 ; ciystalb arc cubes, 
366, ciystals contain no 
water, 361) , effect of heat 
on, 3()6; lock, 366 , soluble 
in watei, .366, solution is 
neutial, .366 
10,5 , indcficndcnt of foini Salt jiaiis, 347 
of contaiiiing vcRocl, 104; Saltjietro, 393 , ])ropertio8 of, 
ofliquids, relation between I 407, 40S ; prepared horn 
and area acted upon, 105 ; | the soil, 408 
total upon area, 105 ; Sands, 401 
upward, 106 ) Sandstone, 401 

fjntiBlo of Archimedes Satin spar, 401 
stated, 'DR * *-- • I ^otcw, 84, 88 ; mechanical 

Principle of woik ai>plicd to | advantage of, 88 
Bjilloysj 86 Sea breezes, land and, 198*^ 

Prism," rehaction through, Second law of motioo, 47 
227-228 Selenite, 401 

Proof plane, 263 Shadows, 208-209 

Pcopei^iM, definition of, 2 ; Sidereal second, 34 
general, of matter, 2 0. Silica, 401-402 ; amorphous, 

Pulley, 88-86; fixed, 84; 402 ; forms more than one 


single, 84, 85 
iPnmp, air, 116, 117 ; common, 

j 116,118 


half the weight of the 
earth’s crust, 401 ; varieties 
of, 402 
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Silicates, 401 
Silicon, 401 , 

Silver, 418 ; a good condneton 
1 418 , action of acids on, 419* 
action of sulphur on, 410 , 
bromide, 419 ; cliloi ide,419 , 
iodide, 419 , ])rQf)uratiou of 
from 010 , 421 , jiaoiicrties 
of, 418; when very thin 
transmits blue light, 419 
Silver coins contain coppci, 
418 

Silvet compounds, action of 
light on, 419 

Siphon, ll|h 119 , force driv- 
ing Inpua in, 120 
laked lime, 3b0 
now, 194, l‘»5 , crystals, 195 
Sodium, 32(5, 831, 404-405, 
411 , action of on water, 
334, 355, burning of in 
oxygen, 326 , bicarbonate, 
preparation and jii opertics, 
40b, carbonate, 405, Cl ystals 
of, 405; pt.,,uutiou and 
propel ties of, 405, 4U6 , 
chlutide, piopeitics of, 
866, floats on water, 411; 
hydroxide, ^rex^ratiun of, 
404 , nitrate, 393 , occur- 
rence of, 405 , properties of, 
404, 406 ; sulphate, 401 ; 
sulphite, 384 

Solar day, apparent, 84, 35 ; 

mean; 34, 3!7 
Solder, 41*3 

Solid8> distinctive chaiactersl 
of, 7-10; d«ictllity of, 9 j 
hard ness of, 9 , lualleability! 
of, 9 , rigidity of, 8 , ten-l 
acity of, 9 

Solubility cuives, 291-293 
Solution, 297-2'>8 ; a physical 
change, 298 , satiiiatod, 2^8 
Solvent power of hot and 
cold water, 300 
Sovereign, 420 

k'Spcciflc heat, 1(57 171 , defini- 
tion of, 166; detcrinination 
of, 1 ’'•-171 , of liquids, 169 , 
of solids, 168 , table of, 176 
Speci^’'* gravity, bottle, 62, 
64 ; determination of, 99 
Spectioscope, 286 
Spectrum, 235-237 , varieties 
of, 237 

Specular iron ore, 415 
Speed,. S7» 39. 

Spherical mirrors, 217-218: 

principal focas of, 217, 218 
Spirits of salt, sec hydro- 
chloric acid 
S pring balan ce. 50, 59 
Stability, coirditioub of, 77 
Bt&la(!tlto, 399, 400 
Stalagmite, 399, 400 


Standards of mass. 58 
Star or sideral day, 34, 36 
States, the three states of 
matter, b-7 

Steam, composition of by 
volume, 374 

Steel, 414 ; propel tics of, 
414 , tcinponiig of, 414 , 
relative density of, 414 
Storage, cicctiic, 264 
Sublimation, 8(}U , of ain- 
montuni cliloiide, 396 
Sulphates, 379 ; pioductiou 
of, 386 

Sulphides, 379 

Sulphites, 383, 384 ; give sul- 
phur dioxide when acted 
upon by Buljihuric acid, 383 
Sulphui, 377-382, bleaching 
powci of the dioxide, 382 , 
burning of, in air, 882 ; in 
oxygen, 326, 882 , ciystal- 
line vaiieties of, 378 , cryt.- 
talb of prismatic sulphur, 
381 ; effect of heat upon, 
377, 381 . flowers of, 378 , 
how found in nature, 37h , 
melting point of, 377 ; 
native, *578, obtained fiom 
flume mineralb, 378 , octa- 
hedial, 379 , oxides of, 382- 
3#5, plastic, preparation of, 
3b0, present in animal 
and vegetable ti&suc8,379 , 
])iibmatic, 380, vaiieties 
of, 379 

Suliihui dioxide, 328, com 
biucs with oxygen to foim 
sulphur tnoxidc, 384 , dis- 
solves in watei , 383 , ex- 
pelled from solution bj 
lioiling, S-'S ; iieutralisch 
caustic soda solution, 383 , 
pioduction of, by burning 
sulphur, 382, production 
of, fiom BUl))hurio acid, 
3S2 , piopcrties of, 383 
Sulphui tiioxide, 383 . com- 
position of, 383, picpaia- 
tion of, 384 ; dissolved in 
watei forms su Iphiinc acid, 
385 

Sulphui waters, 347 
S ulphuric acid , 385-886 , chars 
bugar, 385; has a btroug 
affinity for water, 385 , heat 
developed when dishulved 
in water, 386 ; neutralises 
caustic soda solution, 885 ; 
pmduption of sulphur di- 
oxide fiom, 382; properties 
of, .385, 386; relative density 
of, 385; test for, and foi 
soluble sulphates, 386 
SulphiiTOUb acid, 382, 383 
Sujgdiid, 38 


Suspended impurities in 
water, 347 
Sylvino, 408 
S> nthesis, S4S 

iKLkbCOPK, 2S0 
^cnii>ciatuie, distinction be- 
tween, and heat, 159, 160; 
indicated by expaiiMon, 
127 , nieaburiug, 126 ; pro- 
duced by mixing, 165 
' i^empeiature and watoi level, 
analogy between, 161 
Tenacity, 8 , ii'Casuicmeut 
oT, 9; of copper, 9, of 
cotton, 0; of lead, 9, of 
silk, 9 , of steel, u 
Tunuon and extension, re- 
j lation between, 48 
^hermomctei , 126-1.S5, choice 
of bubstanco for, 128-129 ; 
construction of, 129 , fixed 
points on, 181 , giaduation 
of, 130 , necesbity foi, 1J6, 
bcales, 134, why meicuiy 
IS used for, 1 9 
Time, units of, 33-34 
Toticellian vacuum, 111 
Touch paper, 40r 
'Trade wmdb, 197; explana- 
tion of, 198 

Tiansparent bodies, 239 
'I'liivertine, 399 
Tyiie metal, 412 

Umbka and penumbra, 208, 
209 

quantity of heat, 160, 

162 

''Vaporisation, 146-162, heat 
, required for, 147 
A^aiwur presbuie and boiling 
1 >01111, 149 151 ; dotormiiia- 
tiou of, 148, 150 
Variation, or magnetic de- 
cliuatioii, 249 

Vclgcities,. composition of, 
40 , parallelogram of, 40 
YeltiCL4>37,39; average, 39; 

resultant, 40, untfurni, 30; 
f unit of, 39 ; variable, 39 
^^cntxlation, 184 
Visfiosity of li quids, 10. 11 
Vitreous eletftflffSItfon, 261 
Voltaic electricity, 267-279 
Voltameter, 282, 343 


Washing soda, 405; cnystals 
of, 405, preivaration and 
properties of, 405, 406 
Water, 333-349 ; a bad con- 
ductor of heat, 180; action 
of metals on, 3.33-334, 335 ; 
action of soaium apoo, 
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835 , an oxide of hydrogen, 
343 , analysis of, 341 , 
cap.ic'ity of for boat, lo4 , 
chemical examination of, 
334 ; composition of by 
weight, 343-345 , dissolved 
impurities in, 347 ; distil- 
lation of, 3W; formed by 
burning liydiogon, 340, 
342 ; haid and soft, 340; 
propmtions of hydiogen 
and oxygen in, 343 ; lesults 
of high capacity for heat, 
165 , suspended impurities 
in, 347 

Wateis, natural, 346-347 


Witter lev^,-12 
Wedge, S7 

Weight, mass and, 50-60 , no 
loss of m change of state, 
lb , no loss of in chemical 
combinations, 303 
Wet and diy-bulb thormo- 
metci, 180 
Wheel and axle, HO 
White light, recomposition 
of, 237 

Winds, 106-100 , tanso of, 1M6 
Wnc, tiMstmg of a, 7 
tWiie gauze, action of on 
flames, 180 
Wood charcoal, 352 


WorK, pnnciple of, 82 ; illus- 
'trated by lever, 83 
Wi ought non, 414 

Xknon, 329 
Yard, standard, 21 

Zinc, 11'* al8 ; action of acids 
upon, 417, amalgamated. 
267 , blende, 417 ; cliloiide, 
418, picpdiation of from 
oie, 130, properties of, 417; 
sulphate, 339, 340, 418; 
ciystals of sulphate, 380 
formation of, 340 ; used fo 
galvanising iron, 417 
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GRIFFIN’S 

SETS OF APPARATUS 

FOR 

Gregory and Simmons’ 

Lessons in Science 

{Indian Edition). 


PAGE 

I Piece of Chamois Leather 
I Ba^-^'meter Tube. 

I (xlass Block and Glass Marble. 
7 Set of Iron Weights 50 grms. 

to 1 kilo- 
7 Wooden Lath 

7 2 Small G Clamps. 

8 Iron and Copper Wpes for 

breakmg strain 

8 I Tm Scale Pan ^ m diam. 

with chains and hooks. 

10 Lead Ball with ring for plumb 
line. 

12 Level of Water Apparatus 
mounted on stand 
17 Glass Tube and Taper for 
candle experiment 

20 Boxwood Rule, 30 cm. long, 

double scale. 

21 I Tape Measure, 3 ft in nickel 

case, with spring stop 

25 Box of 8 Cubes, i m 

26 I Sheet of Cardboard 

2/ Box, I ft. cube with lid i m. 
thick and divided into 
square inches. 

27 I Divided Decimetre Cube. 

27 I Half-pint Glass Measure. 

27 12 oz. Glass Measure. 

27 z 1,000 cc. Glass Measure. 

28 I Burette 25 cc. in tenths with 

stopcock. 

28 I Pipette 100 cc. 

37 I dozen Marbles 
46 2 Balls, in. diam. and one 
small ball with two strips 
from which to suspend 
them, and one metre rule — 
for momentum apparatus. 


Extension Apparatus — 2 yd 
Thin Indiarubber cord, 
3 mm sq and small scale 
pan 

56 I Spring Balance reading to 
8 oz X i oz. 

56 I each Iron Weights with 

rmgs — i, I and 2 lb 

57 I Student’s Physical Balance 

to carry 1,000 grms. 

57 Set of Weights from i decigrm . 
to 200 grms. m polished 
case. 

60 I ea. cm. Cubes of Wood, 
Lead, Cork and Marble. 

62 Specific Gravity Bottle, 50 

grms. 

63 I lb. Lead Shot. 

63 I U-Tube mounted on board. 

64 Hare’s Apparatus unmounted 
69 i Lever for suspension 

69 2 SprmgBalances | lb to 12 lb 
80 Wooden Lever with wedge 

fulcrum 

83 2 Boxwood Pulleys 2I in. 

diameter. 

84 Inclined Plane with metal 

roller and pulley 
89 Simple Wheel and Axle. 

93 I Rectangular Rod of Wood 
weighted with lead. 

95 I Floating Hydrometer. 

103 2 Glass Tubes mounted on 

graduated board. 

104 4 Glass Tubes of different 

shapes 

104 Upward Pressure Apparatus. 
107 Piece of thin Sheet India- 

rubber. « 


Set A.— PHYSICAL APPARATUS. 

I PAGE 
48 
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PHYSICAL APPARATUS (contd.) 


PAGE 

zo8 Model Barometer mounted 
on board, without mer- 
cury 

109 2 Barometer Tubes 
I Thick Glass Vessel 
ziz I Glass Trough 6x3^ in. 
IZ2 z Glass Tube 20 cm long, 
closed at one end, one 
open tube and 3 ft. India- 
rubber tubmg for Boyle’s 
Law. 

zz8 Glass Model of Common 
Pump. 

zzg Syphon Tube Z2 in. 

Z23 Gravesande’s Ring and Ball. 
Z24 2 Round bottomed flasks 
with corks and tubes for 
expansion. 

z26 z Empty Thermometer Tube 
with filling bulb 

127 z each Thermometers with 
Fahrenheit and Centi- 
mde scales. 

Z3Z z Clinical Thermometer. 

1 32 Apparatus for deterzmnation 
of freezing point. 

Z32 Apparatus for boiling point. 
Z36 Apparatus to show expansion 
of a rod. 

Z36 Glass Tube 30 cm. long x 3 
mm. bore, closed at one 
end 

Z37 Glass Tube 20 cm. long and 
z mm. bore. 

Z49 2 U-Tubes for boiling point 
determmations 

Z33 z Tube with cylindrical bulb 
for density of water 
167 z Spun Copper Calorimeter 
2^ X zjl in., suspended 
inside copper vessel 4^ x 
in. 

Z67 Steam Heater. 

Z75 Steam Trap. 

Z79 Set of 5 Wires on board 
z8o Cylinder of Wood and Brass. 
z88 Simple form of Regnault’s 
Hygrometer. 

204 3 Wooden Blocks 2 x 2 x 
4 m., with card screens 
8 X 4 in. 

208 z Fishtail Burner, 
gzo z Rumford’t Shadow Photo- 
meter. 


PAGE 

2Z2 z Plane Mirror 4 x 3 in. 

222 Flat Glass Bottle with paper 
circle for r fraction ex- 
periments. 

222 z Rectangular Glass Block 4^ 
X 2| X I in. 

227 z Glass Prism, equilateral, 

sides 38 mm. 

228 2 Wooden Lens Holders. 

228 2 Bi-convex Lenses, 3C mm. 

diam. 50 cm focus. 

228 I Bi-concave Lens, 38 mm. 

diam. 26 cm. focus. 

228 Wooden Block to hold candle, 
with candle 
235 z Hollow Prism. 

237 z pair Prisms for recomposi 

tion of light. 

238 Small Hand Revolver and 

Colour Disc. 

I 242 z piece of Lodestone. 

243 I paif of Bar Magnets 6 in. 
243 z Bottle of Iron Filings. 

243 z Packet of Sewing Needles. 
243 I Horseshoe Magnet 4 m. 

243 z Reel of Thread. 

245 I Brass Support for Magnetic 
Needle. 

245 z Magnetic Needle with agate 
centre 3 in. 

245 z Small Compass, | m diani. 
245 z Clock Spring. 

250 z Simple Dipping Needle 
253 I Mariner’s Compass Card 3 in. 
258 z Glass Rod, Z2 x | m. 

258 z piece of Silk for Ri^bber. 
258 z Rod of Sealing Wax Z2 x z m. 
258 z Piece of Flannel for Rubber. 
258 z Rod of Ebonite zo x ^ m. 

258 z Fur Rubber. 

259 2 Pith Ball Electroscopes. 

259 z Reel of Uzispun Silk. 

259 z doz. Pith Balls. 

263 Simple form of Gold Leaf 
Electroscope 

263 z Book of Dutch Metal. 

I 263 z Proof Plane. 

264 z pair Brass Knobs on insu- 

lated stands. 

267 I Strip of Zinc with terminal. 
267 1 Rod of pure Zmc and ter- 
minal. 

267 1 Strip of Copper with 
terminal. 
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PHYSICAL APPARATUS (contd.) 


PAGE 

268 I lb. Cottbn Covered Wire 

No. 20. 

269 I Daniell Cell, i pint size 
269 2 l^msen Cells, i pint size 
272 I H^seshoe Electro-magnet, 

4 m long by ^ m. core 
272 I Soft Iron Core 8 x ^ in. 

27^ I doz Binding Screws. 

275 1 Simple Galvanometer. 

277 2 Reels of Bare German Silver 
Wire different sizes 


PAGE 

277 2 Reels of Bare Copper Wire 
of different sizes. 

277 I Yard Fine Platinum Wire. 

281 2 Platinum Foil Electrodes 

281 I lb. Copper Sulphate in 
bottle 

281 2 Copper Plates with wires 
attached. 

283 I Water Voltameter 

286 I quire Curve Paper m T^ths 
m. 


Set B. — 

GENERAL APPARATUS and GLASSWARE. 


Retort Stand with two nngs 
and clamps. 

Iron Tripod 

3 pieces Iron wire gauze 6x6 
m. 

I Bunsen Burner. 

I Flat Flame Top for Bunsen 
Burner 

3 ft Gas Tubmg 

4 No. O Crucible^nd Covers 
I 12 oz. Stoppered Retort 

6 Flasks, 20 oz. 

3 ft. Indiarubber Tubmg J m 
100 Filter Papers si m 
.2 Evaporatmg Basms. 

I Wash Bottle, 20 oz. 

1 Mortar and Pestle. 

z Bundle of Cedar Spills. 

2 Tapers and Holders 
J lb Spare Tapeis 

3 Clay Tnangles. 

6 Watch Glasses, 2 in. 

I sq. yard Muslm. 

Set of Wood Blocks. 

CHEMICAL 

297 r Condenser, 12 m 

31 1 z 40 oz. Bottle fitted with 

funnel, etc. 

312 z Glazed Tile 8 cm. 

3Z4 z Deflagrating Jar 7 x 4 m. 
314 z 2 in. Bung 
324 z Hard Tube Retort 
326 I I oz. Reel of Iron Wire 

333 z Z2 m. Combustion Tubing 

with indiarubber stoppers 
and tubes. 

334 z ft. Lead Tubmg. 

337 z Gas-generatmg Flask aooz. 
us. 


2 Nests of Beakers, 1-4. 

3 doz Test Tubes, 6 x } m. 
I doz Hard Glass Test Tubes, 

6 X 1 m. 

I Test Tube Holder. 

1 Test Tube Stand, 6 holes. 

2 Funnels, 3 m 

i doz. Thistle Funnels. 

I lb. Glass Rod. 

3 lb. Glass Tubing, ^ m. 

to I m. 

4 Gas J ars, 20 x 5 cm. 

6 Covers for ditto 

I Glass Trough, 9 m. 

I Beehive Shelf, 3 in. 
i gross Corks assorted. 

I Deflagrating Spoon. 

I doz. Books of Blue Litmus 

1 doz Books of Red Litmus 
Wrought- Iron Tongs. 

2 Ca CI2 Tubes. 

I Sand Bath. 

z Iron Spoon. 


APPARATUS. 

338 z Soda Water Bottle. 

34Z z Calcium Chloride Tube s in. 
344 Apparatus for reduction of 
copper oxide. 

354 I Glass Jar 17 x zz cm. 

362 I Hard Glass Tube for fig. 242. 
367 I Wash Bottle 
369 I Hard Glass Tube for fig. 245. 
377 I Thermometer 210° C. 

392 I Clay Pipe. 

396 I Tube with tap ioc Ammonia. 
412 1 Blowpipe. 

417 X Iron Ladle. 



4 

Set C.-CHEMICALS. 


PtU up tn Boxwood Top Bottles generally^ hut tn glass stoppered bottles 
where necessary. 


PAGE 

z lb. Loaf Sugar m tm. 
z lb. Nitre. 

I lb Salt 

1 lb Sand m tin. 

lb. Ammonium Chloride 
4 oz. Alum. 

2 oz. Copper Sulphate. 

2 oz. Lead Acetate. 

1 qt. Distilled Water. 

2 oz. Copper Filings 

4 oz Powdered Sulphur. 

2 oz. Iron Filmgs. 

2 oz. Red Oxide of Mercury 
2 oz. Lead Nitrate cryst. 

2 yd Magnesium Ribbon, 
lb Quickhme. 
latmum Foil 2 x i m. 

2 oz Copper Foil Strip. 

2 o/ Strip Lead 

1 lb Lime Water. 

8 oz Wood Charcoal. 

3 lb Mercury in bottle 

4 oz Caustic Potash 
4 oz Granulated Zinc 
4 oz Sodium Sulphate 
4 oz. Calcium Chloride 

2 oz Copper Oxide. 

4 oz. Marble. 


PAGE 

1 oz. Blue Litmus Gran. 

4 oz. Powdered Chalk 

4 oz. Sodium Hydrar-;. 

2 oz Antimony 

z Book of Dutch MetaL 
I lb. Chlorme Water 
Iron P5nntes. 

4 oz. Barium Chloride 

1 oz. Iceland Spar 

4 oz. Soda Carbonate 
Gold Leaf mounted between 
glass. 

Specimens of lead, tm, brass, 
gun-metal, pewter, Ger- 
man silver, bronze, solder, 
steel, wrought iron, cast 
iron, copper bar, copper 
sheet, copper wire, bell 
metal 

2 oz Lead Wire. 

4 oz Lead Oxide Litharge 
4 oz Powdered Charcoal 
2 oz Strip Zinc 
2 oz Pot Permanganate 
Sheet of Silver leaf between 


glass 

^ oz. Silver Nitrate 
Book of gold Leaf 


Dangerous Chemtcdlb have not been %ncluded tn Set C owing to the tmposstbtltly 
of packing them with other goods. 

Set D.— ADDITIONAL PHYSICAL APPARATUS NOT 
INCLUDED IN SET A. 


7 Indiarubber Balance for elas- 

ticity. 

8 Torsion Apparatus, cylinder 

with graduated scale 
13 Glass Model of Hydraulic 
Press 

50 Apparatus for demonstrating 
Parallelogram of Forces 
ri7 Air Pump and Receiver. 

123 Plates 01 Brass and Iron for 
unequal expansion. 


SET A . . . . Rs. 360 

SET B Rs. 140 . 


125 Differential Air Thermometer 
150 Vapour Pressure Apparatus 
154 Hope’s Apparatus with two 
Thermometers 
187 Mason’s Hygrometer 
204 Pinhole Camera 
2 1 1 Bunsen’s Grease Spot mounted 
in holder on plain wooden 
foot. 

222 Drawing Board, 16 x 12 m. 

223 Glass Cell, 60 x 25 x 25 mm. 


SET C Rs. 76 . 

SET D Rs. 200 . 


To bo obtained of 

MACMILLAN AND CO., LIMITED, 

BOMBAY, CALCUTTA, MADRA5, and at 
THE S.P.C.K. BOOK DEPOT, MADRAS. 
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A CLASS BOOK OF PHYSICS 

CONTENTS 


Part I. Fundamental 
xMeasUrismbnts. 

, J. Measurtment of Length, 

Angle, and Time. 

II. Measurement of Area. 

III. Measurement of Volume. 

IV. Mass, Weight, and Density. 

Part II. Hydrostatics and 

Mf CHAN ICS. 

V. Matter: Its Three States 
and General Properties. 

VI. Pressure in Liquids. Rela- 
tive Density. 

VII. Atmospheiic Pressure, and 
Boyle’s Law. 

VIII. Motion, P'orce, and Inertia 

IX. Work ; Friction ; Energy. 

X. The Lever. Parallel Foices 
Centre of Gravity. 

XL The Pulley, 'inclined 
Plane, and Screw. 

Part III. Heat. 

XII. Expansion. Thermometers. 

XIII. Coefficients of Expansion. 

XIV. Quantity of Heat and its 

Measurement; Specific 
Heat. 

XV. Properties of Vapours. 

Evaporation and Boiling. 

Hygrometry. 

XVI. Melting Point. Latent 
Heat. 

XVII. Transference of Heat. 

Part IV. Light. 

XVIII. Propagation of Light. 

Shadows. Photometry. 

XIX. Reflection at Plane Sur- 
faces. 

XX. Refraction at Plane Sur- 
faces. 

XXL Reflection at Spherical 
Surfaces. 

XXII. Refraction at Spherical 
Surfaces. 

XXIIL The Eye and Optical 
Instruments. 

XXIV. Composition of Light. 

MACMILLAN AND CO., Lrn , Bombay, Caicutia, Madras, and London. 


Part V. So’ nd. 

XXV. Vibraljry Motion. 

XX VI. Elasticity. Velocity of 
Sound. 

XXVTI. Musical Soun''.». 

XXVIII. Induced Vibrations. 

Part VI. Magnetism. 

XXIX. Natiiial and Artificial 
Magnets. 

XXX. Magnetic Induction 

XXXI. Magnetic Force, mikI 
Magnetic Fields. 

XXXII Terrestrial Mngnctism 

Part VII. Static Electrici i v. 

XXXI 11. Electrification and the 
Electric Field 

XXXIV. Electrostatic Induct ion. 

XXXV. Condensers. Electric 
Machines. 

Part VIII. Voltaic Elfc- 

TRICIIY. 

XXXVI. Voltaic Cells. Mag- 
netic Effects of an 
Electric Current. 

XXXVII. Galvanoscopes and Gal- 
vanometers. The Unit 
of Current. 

XXXVIII. E.M.F. and Resistance. 
Ohm’s Law. 

XXXIX. Chemical Effects of an 
Electric Current. 

XL. Thermal Effects of 
an Electric Current. 
Thermo-Electric Cur- 
rents. 

XLI. Electro-Magnetic In- 
duction. The Rhuni- 
korffCoil. The Tele- 
phone. RontgenRays. 

Physical Tables. 

Examination Papers. 

Answers to Exercises. 

Index. 










